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The Status of Wireless Telegraphy. 


The other day, with a considerable and not 
unjustifiable blare of trumpets, it was announced 
that the Marconi transatlantic service was defi- 
nitely established between the Port Morien and 
Clifden stations, the’ former near Glace Bay, the 
latter on the coast of Ireland. From this time on, 
it is stated, the wireless system will be in regu- 
lar competition with cable service. At this point 
in the history of wireless it may be well to run 
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Over some past happenings to gain thereby some 
idea as to the real status of the art, and some 
notion of its usefulness in the immediate future. 
Far be it from this journal in any way to dim 
the lustre of William Marconi’s achievements; 
he deserves well of the world as the practical 
pioneer in a new art. Yet it cannot be denied 
that wireless telegraphy as a whole has not yet 
fulfilled the promise of its beginnings and has at 
times been a grievous disappointment. The En- 
gineering Record hopes that this latest effort 
marks the beginning of a period of uniform suc- 
cess and only occasional failure, instead of rather 
uniform failure enlivened by brilliant and inex- 
plicable successes. 

Wireless telegraphy has had in its short life a 
singularly checkered career. Nothing more un- 
canny and weird than this system of annihilating 
space had ever dawned upon the world save the 
lurid and cometary blaze of promotion which has 
followed in its trail. It is now more than five 
years since the first alleged transatlantic messages 
flashed across the speculative horizon. Just what 
really happened at this period few know and none 
are likely to tell for years te come. It seems to 
be well established that signals from shore to 
shore were actually transmitted and received, 
but there were disquieting rumors of the use of 
the old reliable cable for the messages of con- 
gratulation which have never been adequately 
disproved. 

Whether connected messages via wireless were 
received at this time or not, it is certain that their 
transmission was little better than fortuitous. 
It is simply unthinkable that even a moderate 
regularity of success would not have promptly 
been followed by some serious effort at doing 
business, with a less delay than five years at 
least. Instead, there have been dismal failures 
of wireless transmission, at very moderate dis- 
tances even over water, failures that do not of 
course score heavily against the future of the 
method, but merely show that the art is not yet 
upon a sufficiently sound theoretical basis to 
eliminate the frequent interference of the un- 
foreseen. Mingled with these there have been 
brilliant successes, at times by all the varieties of 
the wireless systems in vogue. The cruise of the 
“Carlo Alerto” did much to restore the confi- 
dence that had been shaken by the first trans- 
atlantic fiasco, by proving that readable messages 
could cover distances at least comparable with the 
width of the Atlantic. Later installations on 
naval and merchant vessels have co-operated with 
shore station in some very long transmissions 
rising at times to a couple of thousand miles and 
more, although not with much regularity. It has 
not been unusual of late for an Atlantic liner 
to keep in touch with one shore or the other 
throughout her voyage. Most attempts at wire- 
less working have been greatly handicapped by 
quite insufficient energy supply, and there is every 
Teason to suppose that increasing the available 
power as Marconi has done in his recent sta- 
tions will enable the reliable range of transmis- 
sion to be greatly increased. Whether he has 
increased this range to the width of the At- 
lantic the trials now in progress will presently 
prove. When business men settle down to using 
the system as an ordinary means of communica- 
tion its success will be firmly established, and that 
may be within a very short time. 

It is hard to set a limit to the applicability of 
wireless in view of the distances that have already 
been covered. The most serious practical ques- 
tion at present is that of interference. Each 
wireless system has made its claims of syntonic 
operation, but The Engineering Record does no 
conscious injustice to anyone in saying that such 
claims have not yet been shown to rest upon any 
firm foundation. Interference has been the prac- 
tically invariable rule whenever two systems have 
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been within reasonable striking distance of each 
other. It would be interesting, for example, to 
know the truth about the colossal hoax which 
was apparently perpetrated on Marconi the other 
day in the alleged message intercepted from 
Manila announcing the safe arrival of the U. S. S. 
Philadelphia, which worthy. craft has been se- 
curely moored in Puget Sound for the last three 
years. It is altogether reminiscent of the famous 
dispatch from Major Reflipe W. Thenuz per- 
petrated during the Spanish war. So long as 
the longest practicable waves are necessary to 
carry the energy sufficient for a long transmis- 
sion, and everyone undertaking long distance 
work must push toward this limit of practica- 
bility, there seems to be no reasonable chance of 
avoiding interference. Something could perhaps 
be done were all wireless stations worked as a 
harmonious whole with spheres of influence con- 
nected in definite ways, but at present this unity 
is very far from being secured. This much is 
certain, however, that at the present time wire- 
less telegraphy can, if systematically utilized, 
make all the seas familiar ground. It would be 
well within the range of feasibility to net the 
earth with international stations so disposed that 
no ship could be out of instant touch with shore. 
For instance, the Atlantic could be easily cov- 
ered from Newfoundland, Bermuda, Barbadoes, 
the Cape Verde Islands, and the Azores in the 
northern waters, and Ascension, St. Helena, 
Trinidad and Tristan d’Acunha in the southern, 
co-operating with shore stations. Such a con- 
quest of the waters would be of vastly greater 
solid benefit than any of the sensational feats 
which are so tempting to the imagination. Mean- 
while success to Marconi in his present efforts 
and may he fully succeed! 


Heating and Ventilation Tests. 


It is doubtful if any branch of mechanical 
engineering practice offers a more fertile field 
for investigation at the present time than heat- 
The design of an impor- 
tant installation of this character involves many 
assumptions as to the leakage coefficients, radia- 
tion losses, and aid friction expected; and while 
a great deal of excellent work is being done in 
this line, as the results in many installations 
show, there is certainly need of more definite 
knowledge of the conditions which insure suc- 
cess or failure in specific plants. Taken in 
itself the heating problem is much less difficult 
to solve in most cases than the securing of 
good ventilation, but the two are bound so 
closely together that they ought not to be con- 
sidered separately either in designing or testing 
the performance of individual plants. Failure 
to appreciate the particular conditions of plants 
from both standpoints has injured the reputation 
of heating and ventilating practice not a few 
times in the judgment of the general public, 
which estimates the performance of an instal- 
lation by its personal feelings and comfort rather 
than by quantitative tests. 

In a branch of engineering where so many 
uncertainties are involved, or at least so many 
assumptions, the accumulation of a large quan- 
tity of test data is essential, beyond the usual 
extent, to the harmonizing of theory and prac- 
tice. Many engineers are cOllecting this kind 
of information for their own private use, and of 
course much of it is rightly considered as per- 
sonal stock in trade. At the same time, there 
is great need of bringing the technical consid- 
erations of the work down to a more generally 
available form, and the presentation at this time 
of two or three exhaustive paper by men in 
practice on specific problems in heating and 
ventilation, either in the technical press or be- 
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. 
fore the engineering societies, would stimulate 


progress and be widely helpful in breaking down’ 
the eccentricities of a highly individualized prac-. 


tice. No matter how fully data may be pub- 
lished, on complex work of this kind, the value 
of judgment can never be replaced by the mere 
possession of formulas and constants. The right 
use of the latter with knowledge of their limi- 
tations must invariably be largely settled by 
experience. When these are supplemented by 
tests, real progress lies close at hand. 

The range of tests possible in a heating and 
ventilating installation is very broad, and in 
many commercial instances only the fundamen- 
tal issues can be determined. The quantity of 
air supplied per capita per hour, the quality of 
the supply and the temperatures obtained in 
the principal rooms are essential to any proper 
appreciation of the working of an installation. 
Combined with these factors in the comfort of the 
users of the premises is the question of oper- 
ating economy, expressed more or less indi- 
rectly by the size of the coal bills. It is quite 
as important to keep a daily log of the heating 
plant as to prepare and submit regular operating 
records of a power installation to its owners, 
though in many quarters this is not yet fully 
realized. 

As soon as one begins to measure the quan- 
tities required in a heating and ventilating test 
he must realize that scientific accuracy is a very 
difficult thing to secure. Temperature measure- 
ments can, of course, be carried to great refine- 
ment, if desired, but accurate determinations of 
air velocity and volume are not easy to make. 
An error of even 2 or 3 per cent. in the velocity 
measurement means the inclusion or exclusion 
of a large volume of air when multiplied by a 
considerable duct area ina building seating several 
thousand people. The calibration of anemo- 
meters is sometimes attempted by timing with 
a stop watch the speed of an observer tra- 
versing a known distance with an instrument in 
his hand, but it is a question if such a calibration 
can be relied upon to any considerable extent. 
Certainly for an accurate test upon a plant 
moving scores of thousands of cubic feet of air 
per minute, the anemometers used should be 
calibrated by physical laboratory methods. In 
some tests air velocities measured in one or two 
Tepresentative ducts have been taken as bases 
of operation throughout the entire installation, 
particularly where the ducts are not readily ac- 
cessible. Such° assumptions are dangerous to 
make if accurate figures are desired, and in any 
test carried out thoroughly as far as it goes, 
the data secured will show the velocity of air 
at every outlet which is essential to the proper 
operation of the system installed. 

Fan speeds measured with a tachometer and 
not taken from the manufacturer’s name plates 
are equally essential. One of the most impor- 
tant interpretations to be made from a heating 
and ventilating test when forced or induced draft 
is employed is the relation of fan speed to the 
volume of air delivered. Even if the exhaust 
from the fan engines be delivered to the indirect 
heating coils, the supply of the necessary quan- 
tity of air per capita per hour calls for the ad- 
justment of fan speeds in relation to the exter- 
nal temperature and weather conditions; and in 
the case of variable speed motor-driven fans, 
the saving in power gained by not’operating at 
abnormal speeds in relation to the requirements 
is well worth securing. 

Air discharges in outlet ducts furnish helpful data 
in almost every case where the test is carefully 
made. The effect of damper. adjustments, both 
automatic and manually operated, is interesting 
to)study in a concrete installation, especially in 
plants where mixing dampers are in service. In 
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this connection, the sensitiveness and speed of 
automatic themostat control deserve more at- 
tention than they ordinarily receive. In tests 
of refrigerating systems the response of the 
regulating valves to slight changes in tempera- 
ture is almost always carefully watched, and 
no less of a working examination should accom- 
pany a heating test, whether the test be on a 
newly completed or a long established instal- 
lation. Complete temperature readings in all 
the vital portions of a heating and ventilating 
system are imperative if correct deductions are 
to be made. The mean of several readings per 
duct or per room is none too good an index 
of the varying conditions to be expected in prac- 
tice. 

For the majority of cases the purity of the 
air can be sufficiently well determined by the 
phenoephthalein lime-water test, in which the 
time required to eliminate the pink color in a 
carefully prepared solution is noted when the 
solution and the air sample are brought into in- 
timate contrast. According to Coyne’s method, 
this time with a properly prepared solution is 
indirectly proportional to the amount of carbon 
dioxide present. Nothing short of a chemical 
analysis: will show the accompanying atmos- 
pheric impurities in an air sample, but in the 
absence of any fixed standard of impurity other 
than the carbon dioxide figure, this simple test 
is doubtless acceptable enough for all but the 
most disputed cases. No heating or ventilating 
system can eliminate the dangers of atmospheric 
pollution from bacteriological causes, but in se- 
curing the presence of a low percentage of carbon 
dioxide the engineer helps to keep the standard 
of vitality at a high point per capita. Hence no 
test of the general value of a heating and ven- 
tilating system is complete without careful ap- 
proximate measurements of the carbon dioxide 
present. The cleanliness of the air supply is 
well worth noting in such tests, by reference to 
scrubbing and washing apparatus when the in- 
stallation contains such equipment. 

On the heating side the most thorough study 
of a plant calls for an evaporation test on the 
boilers, with separate calorific determination of 
the fuel, and close checking of weights before 
the efficiency of steam application can be known. 
Given these boiler data and knowing the heat 
distributed in the steam supply, a fair check 
upon the efficiency can be obtained by weighing 
the returns and noting their temperature on the 
feed water side of the system. Where the run 
of piping through tunnels or walls is consider- 
able before the direct radiators are reached, it 
may be necessary to make separate tests of radia- 
tion losses on known lengths of pipe in order 
to make the necessary deductions from the total 
heat units supplied to the distributing system. 
Where both direct and indirect radiation are 
tested at the same time it is necessary to sep- 
arately measure the effect. of changes in each 
system if the performance of either is desired 
in detail. 

It is evident upon very limited consideration 
that the range of quantities and inter-relations 
open for actual research in heating and venti- 
lating systems is almost unparalleled in the field 
of mechanico-physics. In the preceding para- 
graphs only the more important quantities and 
measurements have been meationed. The work- 
ing out of heat losses in detail, the study of the 
heat conducting and radiating characteristics of 
different types of apparatus, and of varying 
forms of wall, ceiling and floor construction, 
the analysis of resistance in ducts as affected by 
curves and elbows, the study of air leakage un- 
der different conditions of weather, and the ¢on- 
sideration of fuel consumption in relation to 
the plant design and conditions of operation, 
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furnish ample scope for research activities. Still 
another reason for the practice of heating and 
ventilating tests is to make sure from time to 
time that the installation is being handled as 
well as possible. It frequently happens, espe- 
cially in school houses and other public build- 
ings, that while a heating plant may start in 
economically, changes in the use of rooms, alter- 
ations in the buildings, or sometimes corrupt 
political practices place burdens upon the system 
which it was never designed to meet. The light 
which a test by a responsible engineer throws 
upon the conditions obtaining in a heating plant 
often points the way toward radical economies,” 
either in the purchase and use of fuel, or the 
handling of the plant itself. 


The Great Inland Waterway. 


An unusual role has been played in the history 
of Chicago by zoological circumstances. For a 
considerable time many residents of the inland 
metropolis were accustomed to consider the 
proper representation on the city’s shield to be 
a cow rampant, surmounted by a kerosene lamp. 
But it looks now as though this familiar blazon 
must be exchanged for an ursus couchant, for 
our honored chief magistrate, having at last 
found and slain that bear in the Louisiana cane- 
brakes, has emerged from™his seclusion, elated 
and happy, to tell the people of Vicksburg that 
no American president could spend his time bet- 
ter than by seeing for himself just what a rich 
and wonderful region the lower Mississippi Val- 
ley is. He has also acquired the “set purpose to 
do everything that in me lies to see that the 
United States does its full share in making the 
Mississippi River a part of the sea coast, in 
making it a deep channel to the Great Lakes 
from the Gulf.” In the study of the subject 
which he evidently gave it’in company with the 
engineering specialists who assembled to conduct 
the siege operations of bruin, he ascertained that 
with one-tenth of the effort spent by the peo- 
ple of Holland in taking two-thirds of their 
country out from under the ocean, the United 
States can remove the incomparably rich bot- 
tom land of the lower Mississippi from all fear 
of flooding by the Mississippi River, by a high 
and broad levee system. The matter is settled, 
moreover, that the deep channel and the high 
and broad levees shall be built. The president in- 
tends to start the project on principles that will 
prevent mistakes, extravagance and misapplica- 
tion of effort. “I shall have no small difficulty 
in persuading some people,” he stated at Vicks- 
burg, “of the wisdom of a policy such as that 
I advocate, a policy that means the expenditure 
of money, a policy which must continue over a 
long course of years. If that policy is tainted 
in any way by jobbery or folly, it will be in- 
measurably more difficult to carry it through. 
What we must look out for is the action of the 
men, probably well-meaning, who in their anx- 
iety to serve some particular district, will try 
to divert what should be a national effort to 
deepen a great national highway into a succession 
of efforts spread out so thin as to make all in- 
effective.” 

It is instructive, indeed, to observe the energy 
with which our honored chief magistrate has 
thrown himself into the cause of a deep water- 
way from the Great Lakes to the Gulf. The fact 
that the majority of leading engineers of the 
country are by no means convinced of the de- 
sirability or even the actual financial practica- 
bility of such an undertaking apparently has no in- 
fluence in checking his unqualified support of the 
project. The mere fact that it seems to lack this 
support from those most competent by train- 
ing to appreciate the problems involved and the 
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interests to be served by an enlarged channel 
will doubtless render the president’s help ex- 
tended to the advocates of the undertaking more 
vigorous and outspoken. We have all observed 
the great fondness he has displayed toward 
minority engineering opinions. And the fact that 
the desirability of a deep waterway from Chicago 
to the Gulf is at the present time advocated 
mainly by those who are least competent by 
training to express an opinion on the subject, or 
else by those who have an axe to grind, will 
doubtless be taken as merely an indication of the 
necessity of an educational campaign on his part. 

In making these observations, there is no in- 
tention of asserting that an improved waterway 
from the Great Lakes to the Gulf will not be 
useful. It goes without saying that some use 
would be made of such a channel immediately 
upon its completion. The question at issue is 
whether the channel will be worth the expense, 
and, so far as The Engineering Record has yet 
been able to learn, there is no proof that money 
spent for a 14-ft. channel would not be about 
as well used in providing a game preserve near 
the White House. But this does not mean that 
a thorough study may not indicate the desirability 
of some kind of improvement. If the president’s 
advocacy of a: deep channel results in a thorough 
study, it will have been a national service. If 


that study is made by competent men, who are . 


unbiased by the complications involved in the 
disposal of the sewage of Chicago by the method 
of dilution, the country will be thankful indeed. 
At the present time it seems hardly possible to 
differentiate between the people who desire to 
have a waterway for the purpose of navigation 
and those who believe that in some way or 
other the Trustees of the Chicago Sanitary Dis- 
trict should be allowed to take a large amount 
of water from the Great Lakes for the disposal 
of the sewage of the community about the end 
of Lake Michigan. i 

Elsewhere in this issue will be found a sum- 
mary of an important report made by Mr. tu- 
dolph Hering, who designed the Chicago drain- 
age canal, to the Trustees of the Sanitary District 
advocating the extension to the Calumet region 
of the method of disposal by dilution which the 
' Trustees desire. He states that the anticipated 
lowering of the water lake level due to the 
diversion of the 14,000 cu. ft. per second from 
the lower end of Lake Michigan into the two 
canals for sewage disposal purposes will not 
occur, provided the works advocated by the In- 
ternational Waterways Commission are con- 
structed at Sault Ste. Marie. This opinion is a 
direct contradiction of that reached by the mem- 
bers of the International Waterways Commission. 
The question is therefore thrown open to debate 
and the president is faced with the necessity of 
deciding between an international engineering 
commission representing the Dominion of Can- 
ada and the United States, and an individual 
engineer. Even assuming that the figures made 
by Mr. Hering are correct, and this journal does 
not attempt to pass an opinion on this disputed 
_ matter, the president must decide whether the 
desirability of permitting the city of Chicago to 
continue the use of a method of sewage disposal 
which is unnecessary although it may be finan- 
cialy advantageous, is to outweigh the desirability 
of increasing the navigable depth of water 
throughout the Great Lakes, for if water is not 
diverted for the disposal of Chicago sewage, it 
will manifestly be available for improving the 
navigation from Chicago to Buffalo. The prob- 
lem, therefore, is merely, one of the relative in- 
terests served by the two methods of using the 
water. 

Along with the disposal of the Chicago sewage, 
must also be considered the practicability of 
using for navigation this water turned into the 
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drainage canals. It is fairly well recognized that 
the hope of sea-going vessels using the proposed 
waterway from Chicago to the Gulf is founded 
more on dreams than facts. The type of vessels 
which are best adapted for sea-going navigation 
and for use on inland waters are so radically 
different that the most to be expected from such 
a proposed channel is a growth of the fleet of 
shallow-draft vessels now using the Mississippi 
and its tributaries. Until more facts are ascer- 


tained than are now known, any arguments re-_ 


garding the transportation possibilities of such 
vessels in competition with railway lines must 
inevitably be based on so many assumptions that 
the time spent in making or listening to them 
will be very largely wasted. Those who believe 
that a great waterway is needed from the Gulf 
to the Great Lakes will do more for this cause 
by securing all definite information bearing on 
the subject than by indulging in generalities. 
The cost of such a waterway is so enormous 
and its construction will extend over such a long 


‘period of years that the nation ought, under no 


circumstances, to be committed to it until every 
phase of the subject has been thoroughly investi- 
gated by competent, unbiased specialists. 


The Engineering Record’s New Home. 


Elsewhere in this number will be found a 
brief description of the structural features of 
the new home of The Engineering Record. 
Many requests for information concerning this 
building have been received during the past 
year, but on account of the novelty of some of 
the details of the design and the special condi- 
tions which arose during the preparations of the 
plans for the structure, it was considered best to 
defer any detailed description for a paper for 
the American Society of Civil Engineers. This 
paper has been written by Prof. Wm. H. Burr, 
who designed the structural portion of the build- 
ing, but there are certain comments which should 
be made in amplication of it. The structure; 
which is known as The Thirty-Ninth Street Build- 
ing, was erected by a subsidiary corporation of 
the McGraw Publishing Company, the owner of 
Thee Engineering Record. Its primary purpose 
is to afford a home for the company and its af- 
filiated printing corporation. Until the structure 
was erected and occupied, the printing of the 
company’s various publications and books was 
done in three independent printing offices, and 
many difficulties are inherent in any such method 
of issuing large journals every week in editions 
equal to those of the McGraw publications. By 
bringing the printing, accounting, business, edi- 
torial and advertising departments of the com- 
pany into a single building, the service that can 
be rendered by the company is materially bet- 
tered. To raise this service to the highest prac- 
ticable degree it was desirable to have a structure 
“readily reached from all parts of the city where 
engineers, contractors, city departments and man- 
ufacturers’ offices are located, and it was equally 
desirable to have this building near the branch 
postoffices where second-class or “newspaper” 
mail matter is received. This narrowed the se- 
lection of a site materially and ‘finally resulted in 
the selection of land on West 39th St., within 
about three minutes from Times Square, one of 
the central points of the city. This location is 
very near the new terminal station of the Penn- 
sylvania R. R. now under construction, and also 
the Grand Central Station of the New York Cen- 
tral Lines, at both of which places mail matter 
of the second-class is either received now or will 
be received. The McGraw Realty Company has 
also arranged for the use of one floor and part 
of another floor of the new building as the 
“Times Square Sub-Station” of the New York 
Post Office, so that under its own roof there 
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will be excellent facilities for expeditious hand- 
ling of all mail matter other than that of the 
second class. 

The site selected for the structure is an ex- 
pensive one and the property in the vicinity is 
rising with great rapidity. In consequence of 
this condition ordinary business prudence made 


it advisable to erect a large building of an at- 


tractive appearance, well provided with the cus- 
tomary facilities of a modern office building. 
Three floors of the building must be occupied 
by the printing plant, and as the running of 
rotary presses is likely to cause vibrations, the 
design of the structure had to provide for the 
deadening of all such tremors. After an exami- 
nation of many buildings containing printing 
presses, it was evident that a steel-cage structure 
of the height of the proposed building, about 
150 ft., would probably tremble while the presses 
were running more than was admissible in a high- 
grade office structure, while a reinforced con- 
crete building would probably be free from such 
vibration. A building of reinforced concrete, 
which is able to carry such loads as those im- 
posed by printing plants on many of its floors, 
has to be of unusually heavy construction, and 
the mass due to the use of so much concrete acts 
in an efficient manner in absorbing vibration. 

After the preliminary plans were worked out, 
it was found that a structure of the kind best 
adapted for the desired height could not be 
erected under the existing building requirements 
and be a good business proposition, so“it became 
necessary to take up with the Bureau of Build- 
ings the problem of designing columns which 
would be satisfactory to the Bureau and at the 
same time be of sufficiently moderate cross-sec- 
tion to leave enough: room in the lower floors 
to render the latter useful for business pur- 
poses. Under the old regulations of the Bureau 
very large columns would have been required, 
and the proposed structure using such columns 
would have been a business impracticability. 
Probably the most interesting feature of the 
building is the type of columns finally adopted, 
which is fully described in Professor Burr’s 
paper. 

Another feature of the structure to which at- 
tention may be called is its exterior. Objections 
have been raised to the use of concrete in build- 
ings on account of the impracticability of giving 
it a satisfactory exterior appearance. In some 
structures in New York this alleged defect has 
been avoided by using brick facings, and in 
buildings elsewhere the concrete surface itself 
has been treated in various ways more or less 
satisfactory. The Thirty-Ninth Street Building 
had to be as attractive as possible, and after a 
prolonged study it was finaly determined to use 
a sort of stucco of Portland cement and marble 
dust, which has been employed very successfully 
for several years in the vicinity of New York. 
This is a comparatively new proprietary process 
and the results of its application in The Thirty- 
Ninth Street Building are very satisfactory. At 
the present time the building is not entirely com- | 
pleted in some of the minor details, and it is 
undesirable in consequence to publish at this 
time illustrations of its appearance now. It may 
be stated, however, that the expectations of the 
company concerning it are fully met, and the 
many novelties, large and small, which were 
adopted on the advice of Professor Burr and his 
associates have proved uniformly satisfactory. 
While the structural novelties are explained in 
the paper in this issue, the general appearance of 
the building, the admirable lighting of the vari- 
ous floors on account of the unusual window 
space and other features which need not be men- 
tioned at this time can only be appreciated by a 
personal visit, which the company cordially in- 
vites all its friends to pay to its new home. 
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AN UNUSUAL PLANT FOR CONSTRUCTING A SUBMARINE 
TUNNEL AT CHICAGO. 


A noteworthy installation of contractor’s plant 
has been placed in service recently by George W. 
Jackson, Inc., in connection with the construc- 
tion of the lake section of a new tunnel for the 
water-works system in Chicago. This tunnel, 
generally known as the Southwest Lake and 
Land Tunnel, is to have a total length of ap- 
proximately 10 miles, extending from an intake 
crib about 11,000 ft. off-shore in Lake Michigan 
from 68th St. to the southwestern part of the 
city. The intake crib of the new tunnel is ad- 
jacent to the intake crib of an existing water 
tunnel which leads to a pumping station near 
the foot of 68th St., the shore end of the lake 
section of the new tunnel being at the foot of 
73d St. Based on experience in the construc- 
tion of the 68th St. tunnel, and on a number 
of borings made prior to the location of the 
new tunnel, it is expected that the latter will be 
entirely in limestone bed rock. The finished 
cross-section of the tunnel will be a 14-ft. circle 
for about 2% miles from the intake crib to a 
point where a 9-ft. branch is taken from it. 
From this branch the section will be reduced to 
a 12-ft. circle, which continues for some distance 
to a division of the tunnel into two 9-ft. branches. 
The tunnel is to be lined throughout with con- 
crete, which is to have a minimum thickness of 
1 ft., so the excavation for the lake section is 
required to be at least 16 ft. in diameter, and 
involves the removal of something over 125,000 
cu. yd. of solid rock from the tunnel bore. , 


The center line of the land sections of the 
tunnel are 100 to 110 ft. below the ground sur- 
face, the latter being only 8 to 10 ft. above the 
mean water level in the lake. The tunnel drops 
on a 1.75 per cent. grade for 2,000 ft. adjacent 
to the lake, and then. continues ona level grade 
in the lake section, the center line of this sec- 
tion being at a uniform depth of 123 ft. below 
the mean lake level. The section, which is being 
constructed by Geo. W. Jackson, Inc. has a 
total length of 12,180 ft., about 10,800 ft. of 
which is off-shore under the lake. A permanent 
shaft, 14 ft. in diameter inside the concrete lining, 
is placed at the point where the grade of the 
tunnel begins to rise, approximately 300 ft. from 
the shore of the lake. The intake crib at the 
outer end of the tunnel, which is also included 
in the contract, will be connected with the tun- 
nel by a shaft, 11 ft. in diameter inside the 
concrete lining. 

The lake section of the tunnel will be driven 
from at least four headings, one in each direc- 
tion from the foot of the permanent shaft near 
the edge of the lake, and one in each direction 
from a temporary construction shaft, 7,500 ft. 
off-shore. It is also probable that some tunnel 
driving will be carried landward from the shaft 
at the intake crib. An unusually complete and 
extensive plant that has been installed to handle 
this tunnel-driving is expected to permit the 
work to be carried forward, day and night, prac- 
tically without hindrance from the weather, or 
from rough water in the lake. 

Aerial Tramway—The unique feature of this 
plant is an aerial tramway, which is an adapta- 
tion of the type frequently used in mining dis- 
tricts to handle ore over considerable distances. 
This aerial tramway has a total length of 8,000 
ft., extending from a head house over the per- 
manent shaft on shore to a crib and head house 
erected at the top of the temporary construction 
shaft in the lake. It is carried at an average 
height of 35 ft. above the water by 24 four-leg 
steel towers, spaced approximately 300 ft.- apart. 
This tramway will entirely preclude any neces- 
sity for tugs and scows that would be required 


to handle the materials excavated from tunnel, 
to transport men between the shore and the 
shaft, and to deliver supplies to the latter. The 
advantage to be gained by overcoming in this 
manner any dependence on floating equipment 
can scarcely be appreciated without a knowledge 
of the weather conditions in the locality and of 
the rough water which prevails in the lake along 
this shore during a large part of the year. 
Around the south end of Lake Michigan high 
winds are frequent at all seasons, even during 
fair weather, and in the winter these high winds 
often continue for several days, while in the 
summer local-storms contribute an added danger. 
These atmospheric conditions, coupled with the 
comparatively shallow depth of the lake over 
the tunnel, cause much rough water, which ren- 
ders impossible the operation of scows and tugs 
for considerable periods at a time. In fact, dur- 


ing at least five months of the year practically 
no reliance could be placed on floating equip- 
ment for the service required. At the same time, 
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sway-braced, as shown in the accompanying il- 
lustration, to obtain the necessary rigidity and 
stiffness. : 

Each leg of the tower is carried by an extra- 
heavy built-up steel pile, designed specially for 
this purpose. The tops of all of these piles are 
at the same elevation, 5 ft. above Chicago datum, 
which is about 1 ft. below the mean water level 
of the lake. The depth of water in the latter 
increases gradually from about 6 ft. close to the 
shore to 33 ft. at the outer end of the tramway, 
the average depth in this distance being 25 ft. 
The piles carrying the towers were built in 
lengths varying from 22 to 49 ft. and were 
driven by a floating pile-driver outfit practically 
to refusal in the hard blue clay ‘which forms the 
bed of the lake over the whole site of the tram- 
way, except near the shore, where an overlying 
stratum of sand and gravel occurs. The cross- 
section of each pile forms two sides of a hollow 
square, 127% in. on a side. Two general sections 
of the piles were built, one for those from 22 to 
43 ft. in length, and the other for piles up to the 
maximum length of 49 ft. Both sections are 
unusually heavy and are arranged to produce an 
exceptionally rigid column. The four piles of 
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a very large saving in time, labor and power 
will be made possible by the operation of the 
tramway, as compared with the operation of 
tugs and scows, between the intermediate shaft 
and the shore. Furthermore, all of the lime- 
stone to be removed from the tunnel headings 
driven from the foot of the intermediate shaft 
can be saved, and after being crushed is worth 
$1 to $1.10 on the cars, whereas if an attempt 
was made to handle this rock from the inter- 
mediate crib on scows the rock could scarcely 
be unloaded at the shore at a reasonable cost, 
and would more economically be towed out and 
wasted in the lake. Although these are the 
chief advantages to be gained in operating the 
tramway, various others of considerable impor- 
tance are presented, which in the aggregate ren- 
der a successfully operated tramway a most econ- 
omical installation. 

An elevation of one of the towers on which 
the tramway is carried is shown in an accom- 
panying illustration, the towers all being the 
same. The controlling factors of the design of 
these towers were the rigidity and stiffness nec- 
essary to resist the force of the high wind and 
rough water to’ which the whole tramway will 
be subjected in the open lake. In providing “for 
these conditions in the construction of the towers, 
a large factor of safety over the maximum load 


of 8,000 lb. that may be brought on each tower 


by the tramway is obtained. 

Each tower has an extreme height of 30 ft. 5 
in. and is 12 ft. square at the base, its four legs 
converging from the base to the top, as the 
corners of a pyramid, the tower being 1 ft. x 2 ft. 
I in. in plan at the top. Each leg of the tower 
consists of a 3!4x3'4x3-in. angle, the four legs 
of the tower being quite completely cross and 


each tower are fastened together at the top by @ 
pair of diagonal tie rods, and at the water level 
by two pairs of 2-in. rods, also placed as diag- 
onals. A frame of 12-in. channels, 11 ft. Ir in. 
square, is also placed horizontally inside the 
four piles carrying each tower, 6 ft. below the 
surface, and is lashed to each of the four piles. 
The tendency of the towers to tip, due to un- 
balanced loads on the tramway or other cause, is 
prevented by six inclined braces to each set of 
four piles for a tower. These braces are all 
attached at the water level, and each extend 
down to an anchorage set in the bed of the lake. 
Four of them are each at one end of the two 
diagonals of the square formed by four piles. 
These four inclined braces on the diagonal lines 
are 6x6x34-in. angles, in lengths varying from 
14 to 36 ft. depending on the depth of water 
at the different towers. Each of these angles is 
lashed to the pile for which it is a brace by a 
chain rove through holes punched in the angle 
and in two 1%4x6-in. reinforcing plates riveted to 
the upper end of the brace. Each of these four 
braces are placed at an angle, which brings its 
lower, end g ft. from the base of the tower, 
where it is rigidly fastened to two short pieces 
of %x6-in. plates, attached upright in a hori- 
zontal plane to two 6x%-in. plates, 15 in. long, 
which were set vertically their full length in the 
hard clay by a diver. This arrangement of 
plates at the base of each brace was provided 
more as a bearing for the brace to react against 
when a load is thrown on it than as an anchor. 
The other two inclined braces to each set of 
four piles carrying a tower are on the axis of 
the tramway, on opposite sides of the base of 
the tower. These braces each consist of a 9-in. 
21-lb. I-beam, reinforced by two 6-in. channels, 
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one on each side of the web. Each of these 
braces is attached loosely at the top through a 
2-in. pin connection to a 12-in. I-beam placed 
horizontally between the pair of piles on the 
adjacent side, the connection being on the axis 
of the tramway. The lower end of each of these 
two braces to a tower is attached to a 6-ft. piece 
of 5-in. 6%4-lb. channel, placed normal to the 
brace and imbedded in the bottom of the lake, to 
provide a reaction for the brace, the same as in 
the cases already cited. The lower end of each 
of these braces on the axis of the tramway is 
12 ft. from the piles on the corresponding side 
of the tower, the length of the braces varying 
from 15 ft. to about 37 ft., depending on the 
depth of the water at the towers. 

The construction of the towers and the ar- 
rangement of the piles on which they are mounted 
produce a structure for carrying the tramway 
cables that has already shown itself to be capable 
of withstanding the heavy seas and high winds 
which frequently prevail along the shore of the 
lake. No special protection against ice other 
than that afforded by the sub-structure of the 
towers as they stand has been provided, and it 
is not believed that any such protection will be 
required. 

The tramway proper consists of a 13%-in. wire 
track, or carrying cable, and a 7-in. traction or 
trolleying cable on each side of the towers. 
Buckets are hauled out to the intermediate shaft 
on the carrying cable on one side of the towers, 
and back on the carrying cable on the other 
side by the traction cable. The carrying cable 
is of a special flat strand type, which permits 
the buckets to ride very easily, and has un- 


View Toward Shore From Intermediate Shaft. 


A saddle on 
each end of a 10-ft. cross arm at the top of each 


usually good wearing properties. 


tower supports the carrying cable. The traction 
cable on each side of the towers runs normally 
on an 8-in. sheave wheel on the end of a second 
cross arm on each tower. This second cross 
arm is 9 ft. 2 in. below the upper cross arm, and 
rises in the space between the two arms when 
attached to a bucket. : 

The tramway buckets are built of steel, each 
bucket haying a working capacity of 10 cu. ft. 
or 1,000 Ib. of rock. They are each suspended 
on a carriage having two 16-in. grooved wheels, 
which run in tandem on the carrying cable. The 
carriage also has an automatic grip that clutches 
the traction cable, the latter having a normal 
traveling speed of 300 ft. per minute when the 
tramway is loaded. Under regular operating 
conditions about fifty of these buckets can be in 
service on the tramway and will be spaced 300 
ft., or one tower length apart. 

The rock excavated from the headings driven 
‘from the intermediate shaft will be hoisted to 
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the surface in tunnel cars by a_ steam-driven 
8,o00-lb. freight elevator, designed specially for 
this service, and will be dumped from these 
cars into an elevated storage bin in the second 
story of a 76-ft. octagonal head house that has 
been erected on a large rock-filled timber crib, 
placed over the site of the shaft. The rock will 
be delivered from this bin, which has a capacity 
estimated to be equal to about 48 hr. output from 
the two tunnel headings, when in full operation, 
directly into the tramway buckets, and carried 
by the latter to a storage bin in a head house 


over the shore shaft. The terminal of the tram- 
way at the shore end is in a second story of the 
head house there, the two carrying cables being 
connected by a loop telpherage track. As the 
buckets enter the building the grip on the traction 
cable is automatically released, so the buckets 
can be handled readily while on the telpherage 
track. The storage bip is in the first story of 
the head house, and the rock will be dumped 
from the buckets into a hopper in the floor over 
the bin, This dumping will probably be done 
by hand, although the carriages of the buckets 
are equipped so they may be arranged to dump 
automatically on reaching the hopper. ‘The lat- 
ter will be on the entrance side of the tel- 
pherage loop at the end of the tramway, and as 
the buckets are passed around to the opposite 
side of the loop, to be sent out again, the grip 
is automatically attached to the traction cable. 
The second story of the head house over the 
shore shaft contains switches connecting with 
the telpherage terminal loop of the tramway, 
which switches have sufficient capacity to store 
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all of the buckets installed. The off-shore ter- 
minal of the tramway, like the in-shore one, is 
also a loop telpherage track, with switch con- 
nections for storing buckets. The tramway dips 
down to about 25 ft. above the water at the 
outer end to enter the head house over the crib 
at the. intermediate shaft. 

Several enclosed cars that are provided for 
transporting men between the intermediate shaft 
and the shore are also stored on these switch 
connections in either head house when not in 
use. These cars were designed specially for 
the service in which they will be used and will 
each carry four passengers. Their bodies are 
oval in cross-section, being 4 ft. long, 5 ft. high 
and 3 ft. 3 in. wide and have a light steel frame 
covered with sheet iron. The entrance is through 
a door in one side, which closes tightly, so the 
only openings when the car is on the tramway 
are two portholes in one side of the body; a seat 
for two people is provided at each end of the 
car, so the latter makes a comfortable convey- 
ance in any kind of weather. The carriage by 
which the car is suspended from the carrying 
cable of the tramway is very similar to the one 
used on the buckets, except that it is much 
heavier. 

The 13£-in. carrying cable is continuous, the 
two ends each being attached through a take-up 
to a separate anchorage at the shore head house. 
These take-ups each consist of a pair of triple 
tandem blocks rove with a 34-in. wire cable, 
which is wound on a drum driven by a worm- 
gear that can be operated by one man. These 
34-in. cables are attached to the main cable, but 
the latter is also attached to the anchorage as a 
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precaution. In the head house over the inter- 
mediate shaft the carrying cable passes around a 
heavy frame on a 4-wheel truck, which is safely 
anchored, but can be moved along the axis of 
the tramway as’ tension or slack is required in 
the carrying cables. 

The tramway is driven by a 25-h.-p. alternat- 
ing current motor, which runs at 600 r.p.m., 
about half the capacity of this motor being re- 
quired when the tramway is in operation. The 
motor is geared to a large drive wheel for the 
traction cable, the wheel being equipped with 
automatic grips, which reduce the wear on the 
cable to a minimum. 

The cables, buckets and special apparatus for 
the tramway were furnished by the A. Leschen 
& Sons Co., of St. Louis, Mo., and were in- 
stalled under the direction of Mr. B. C. Riblett, 
chief engineer of that company, by the regular 
forces of the contractor. The steel towers and 
the piles on which they stand were all fabri- 
cated in the extensive bridge and steel shops of 
Geo. W. Jackson, Inc., on the north branch of 
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the Chicago River. The steel piles were also 
all driven and the towers erected by the con- 
tractor’s regular forces. 

Shafts—The permanent shaft ‘on shore, from 
which headings will be driven in both direc- 
tions, will have a total depth of 145 ft., a sump, 5 
ft. deep, below the invert of the tunnel, being 
placed at the bottom of it. Although the shaft 
is to have a finished idameter inside the lining 
of 14 ft., for construction reasons it was driven 
21 ft. in diameter at the top, and will have a 
diameter of 16 ft. at the bottom before the 
lining is placed. Bed rock at the site of the 
shaft is at a depth of about 65 ft. The top 20 ft. 
of the soil overlying the rock is fine lake sand 
that runs like quicksand when wet and is very 
compact; under this sand is a 25-ft. stratum of 
blue clay, varying from quite soft at the top to 
fairly stiff at the bottom, where it grades off 
into a medium hard clay, below which is: a 
stratum of hardpan and boulders directly over 
the rock. 


The lake being only 300 ft. distant and about 
xo ft. below the ground surface, the construction 
of a shaft of the required diameter in the run- 
ning sand was a particularly hazardous under- 
taking, but was handled without difficulty, by 
aising Jackson steel sheet piling. This piling con- 
sists of standard channels and I-beams, the 
channels being arranged in pairs, which are 
placed alternately with an I-beam between each 
two pairs. In this case standard 12-in. 20.5-lb. 
channels and standard 12-in. 31.5-lb. I-beams, all 
in 4o ft. lengths, were used. The webs of the 
J-beams were bent slightly to fit the curve of the 
shaft, but otherwise standard sheeting was em- 
ployed. 

After the shaft had first been excavated to the 
‘ground-water level, at a depth of 5 ft, a tem- 
plate, 21 ft. in diameter and built of steel angles, 
was laid on the ground to serve as a guide for 
‘driving the’ piles. A portable turntable pile 
driver, having 80-ft. leads and a 5,000-lb. steam 
‘hammer, was used in sinking the piles. A stiff- 
leg derrick, with a 70-ft. boom, handled the 
piling from cars on a railroad switch that was 
jaid along one side of the shaft, and also swung 
them into position for driving. The piles were 
first driven in a complete circle to a penetration 
of about 12 ft. The driver working on the out- 
side then drove to the full depth enough piles 
‘on one side of the circle, so it could be moved 
inside the latter and sink the remainder from 
sone position. The piles were all driven with- 
‘out any trouble, although in a few instances a 
water jet was used to assist the hammer. Sev- 
enty piles were required to make the complete 
2i-ft. ring, which has a circumference of 65.97 ft. 
It was contemplated that some difficulty might 
be experienced in closing the circle, but the last 
pile formed a perfect closure. The driving was 
done in three working days by five men, on an 
average, 131 lin. ft. of piling, or 1,600 sq. ft. of 
sheeting, being driven each day. 

When the sheeting had been driven the sand, 
‘clay and so forth were excavated by hand from 
the area enclosed by it and were handled out in 
buckets by the derrick. Although the head of 
water on the sheeting when the excavation 
reached the stiff blue clay, which is practically 
impermeable, was at least 25 ft., only a few small 
leaks through the piling had occurred, and these 
were readily stopped by dropping clay and saw- 
dust into the space enclosed by the pairs of 
channels of the piling. The excavation was car- 
ried to the bottom of the 4o-ft. piling without 
any braces whatever, the piling having sufficient 
stability to maintain itself as the lining of this 
2i-ft. circular excavation against the heavy 
pressures brought against it. Below the bottom 
of the piling the excavation was sheeted with a 
Steel casing, which was placed in 6-ft. sections, 
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one telescoping inside the other, as the material 
was removed. The shaft was thus carried down 
to rock at about 65 ft. below the ground level 


: and then left to stand for several weeks pending 


the installation of the balance of the construc- 
tion plant. During this period a No. 2 Nye 
pump, working about one-sixth of the time, re- 
moved the seepage into the shaft, as the steel 
sheeting was practically free from leaks with the 
full head of water against it. 

The two-story head house over this shore 
shaft is 46x65 ft. in plan and contains the ter- 
minal of the tramway on the top floor and a 
rock storage bin on the first floor, as has been 
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reaches the storage is alone a very large under- 
taking. ; , 
The bottom of the intermediate. construction 
shaft in the lake is to be 137 ft. below the mean 
lake level, the water varying from 33 to 36 ft. 
in depth at this shaft, under different barometric 
conditions. Rock is at a depth of about 60 ft. 
below mean water level and is overlaid by 27 ft. 
of material varying from hardpan immediately 
over it to soft blue clay at the surface of the 
bed of the lakes. A heavy rock-filled octagonal 
timber crib, with an inclosed circle having a 
diameter of 76 ft. has been placed concentric 


with the shaft and carries the head house for 


the latter. This crib has a total height of 65 ft. 


and is constructed throughout of’ very heavy tim- - 


bers. It contains at the center an octagonal well, 
the enclosed circle of which has a diameter of 20 
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stated. The rock from the tunnel headings 
driven from the shaft over which this house is 
built will be hoisted in tunnel cars by an elec- 
trially operated 8,o00-Ib. elevator in the shaft 
and dumped into the storage bin. An elctrically 
driven rock crusher is to be installed in the first 
story of the building to crush the stone for 
market. The crushed stone can be loaded di- 
rectly into the car§ on a railroad switch along 
one side of the head house, or the run-of-mine 
stone can be loaded into these cars. As more 
than 125,000 cu. yd. of rock will have to be re- 
moved from the tunnel and passed through this 
head house, the handling of the rock after it 


ft., and around this well are the pockets for the 
rock fill. The sides and bottom of these pockets 
are made practically watertight to 12 ft. above 
the water level by 3-in. oak sheeting, thoroughly 
calked. 

The shaft is to be encased down to the rock 
with Jackson steel sheet piling, which is carried 
up 9 ft. above the water level, making the total 
length of the sheeting 69 ft. The circle enclosed 
by the sheeting is 20 ft. in diameter to a depth 
of 46 ft. and 12 ft. in diameter below that depth. 
The large circle at the top is formed by sheeting 
of the same size and weight as that used in 
building the shore shaft, and is in 51-ft. lengths, 
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which have a penetration of 9g ft. into the clay 
bed of the lake. This sheeting has been success- 
fully driven, and at the time these notes were 
prepared the space between it and the walls of 
the well of the crib were being filled with pack- 
ing material, in order that the water might be 
pumped out of the area enclosed by the sheet- 
ing, and the excavation be carried down suffi- 
ciently to permit a second set of sheeting to be 
driven for the smaller circle. The top of this 
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second set of sheeting, which consists of 5-in. 


the rear. 


634-lb. channels and g-in. 21-lb. I-beams, is to 
overlap the bottom of the upper set about 2 ft., 
thus forming, together with the material. be- 
tween the two, a joint that should be perfectly 
‘safe, as it is 7 ft. below the surface of the bed 
of the lake. 

The crib was built in a slip in the Calumet 
River at South Chicago, about three miles from 
the site. After it had been completed it was 
loaded with rock until it drew about 20 ft. of 
water, and on a day when quiet water was prac- 
tically assured it was towed to place by three 
tugs in about three hours. It was then guyed 
in position and the rock filling required to sink 
and anchor it was placed. About 500 cords of 
.stone were placed in the ballast pockets by two 
derrick scows, which completed this work in two 
days, although the crib was safely anchored 11 
hours after it reached the site. A foundation of 
piles had been driven previously in the bed of 
the lake at the site and were sawed off at the 
surface of the clay, and the crib settled into posi- 
tion on this foundation without a mishap. 

Central Power Plant—A most complete central 
power plant, including a machine shop and a 
blacksmith shop, has been erected adjacent to the 
shore shaft, to supply power for operations in 
the tunnel and at the two shaft head houses, and 
for such other purposes as are necessary. The 


_plant is in a 5ox165-ft. frame building of un- 


usually substantial construction for such pur- 
poses. A 25xs50-ft. blacksmith shop is placed in 
In one corner of the front end of the 
main building is a row of four separate 12x2I.5- 


_ft. rooms, which provide a general office, an office 


for the contractor’s engineers, an office for the 
city engineers and a bath and toilet room. The 


_remainder of the building is one large room, 


which is free from columns, the roof being car- 
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ried by light wooden trusses with a clear span 
of 50 ft. 

_ These trusses are of quite simple and satis- 
factory construction. They are built entirely of 
2x8-in. and 2x1o-in. plank and I-in. iron rods, 
without requiring any framing and very little 
cutting, all of the latter having been. done with 
a hand saw. One truss was laid out so a com- 


plete set of pieces could be cut for it, then these 
pieces were used as patterns, from which the 


Telpherage Switches in Head House Over Shore Shaft. 
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monwealth Edison Co. This power is received 
as 3-phase 4,400-volt alternating current and is 
stepped down to 440 volts for use in the plant by 
a. bank of transformers along one side of the 
building. A 250-kw. direct-current generator, di- 
rect connected to an alternating-current motor, is 
also installed to furnish direct current at 250 
volts for operating the elevator in the shore 
shaft, electric locomotives in the tunnel headings, 
and so forth. 

Four motor-driven Ingersoll-Rand air com- 
pressors, with a combined capacity of approxi- 
mately 4,000 cu. ft. per minute, have been in- 
stalled in the power house to furnish air to 
operate rock drills at the face of the excavation 
in the tunnel headings. These compressors are 
all compound duplex machines. Two of them, 
with 144%-in. and 22%-in by 14-in. cylinders, each 
have a rated capacity of 841 cu. ft. of free air per 
minute, when operating against 80-lb. pressure, 
and are each belt-driven by a 150-h. p. General 
Electric motor. The other two, with 16%4-in. and 
2544-in. by I6-in. cylinders, each have a rated 
capacity of 1,205 cu. ft. of free air per minute, 
when operating against 80-lb. pressure, and are 
each belt-driven by a 200-h. p. General Electric 
motor. These motors are each equipped with a 
starting device within the frame of the machine. 


The four compressors all deliver into either 
of two 6 x I2-ft. upright receivers in the build- 
ing. A 10-in. pipe header is extended from these 
receivers to the adjacent shore shaft, where a 
g-in. line is taken off, and a 7-in. line, 8,000 ft. 
long, is continued out to the intermediate shaft 
in the lake. The 7-in. line is flanged spirally- 
riveted steel pipe from the shore line to the 
intermediate shaft and is placed on the bottom 
of the lake, with flexible joints to provide for 
variations in grade. This pipe is designed for 
a working pressure of 200 lb. per square inch - 
and weighs about 9 Ib. to the linear foot. 


Steel Sheeting Driven to Form 20-Foot Circular Shaft at Intermediate Crib. 


material could be cut for the whole series of 
trusses. The trusses each contain about 20 ft., 
board measure, of lumber to the linear foot and 
weigh approximately 3,500 lb. They were there- 
fore easily erected with a light gin pole equipped 
with hand. blacks. 

All of the equipment in the power plant is 
driven by electric motors operating on power 
supplied from the commercial circuits of the Com- 


The entire compressor equipment has been 
placed in one central power plant on shore and 
a pipe line carried in the intermediate shaft, 
rather than to transmit electrical power to that 
shaft to drive a compressor there, for two prin- 
cipal reasons. First, no space was available in 
the head-house over that shaft. This head-house 
and the crib on which it stands are very large 
and expensive, but the provision of the addi- 
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tional space required for a compressor would 
have involved an increase in the cost of build- 


ing a larger crib which would not have been’ in- 


keeping with the advantage to be gained. On 
the other hand, the operation of two separate 
compressor plants would have occasioned double 
the expense for attendance that is required by 
a single central one. Furthermore, advantages 
for ventilating the tunnel headings which are 
afforded by the one central installation could 
not be obtained with two separate plants. 

It is contemplated that 24 to 30 air drills will 
be worked in the two headings to be driven 
from each shaft, and on this basis the 4,000 cu. 
ft. per minute of air capacity that has been pro- 
vided might appear to be more than is neces- 
sary. It was held, however, that the provision 
of more power than is generally considered to 
be required would preclude any possibility of 
shut-downs of the extensive plant due to one 
compressor being out of service. Another great 
advantage of the large amount of available air 
power is the ability to clear the gases from the 
headings after a blast. Arrangements will be 
made to deliver the full output of all four com- 
pressors at the face of the excavation in a head- 
ing directly following a blast. This will undoubt- 
edly greatly reduce the delays which are occa- 
sioned under ordinary circumstances by waiting 
for the gases to disperse, and will also clear the 
atmosphere so thoroughly that the laborers at 
the face can deliver more efficient results when 
they return to work again. 


Direct-current electrical power for operating 
the locomotives to be used in the headings driven 
from the intermediate shaft and for pumps in 
the latter is transmitted on two bare copper 
wires carried on insulators on the center line 
of the top cross arms on the tramway towers. 
The elevator for this shaft is arranged to be 
driven by a steam engine, in order that the 
men in the headings may be hoisted to the 
surface whether current is available or not. 
Alternating current for lights in the head house 
of the intermediate shaft, in the tunnel head- 
ings driven from the latter and for a light at 
each of the tramway towers is carried from 
the central power plant by a pair of insulated 
wires on the top cross arm of the towers. A 
regular nautical signal lamp is also maintained 
on each tower as an added precaution. A very 
powerful searchlight, mounted at such a po- 
sition slightly to one side of the inshore end 
of the tramway that it can be thrown the full 
length of the latter, greatly assists in operating 
the tramway at night, as well as affording an 
additional safeguard to shipping. 

A quite complete machine shop has been in- 
stalled in the rear end of the power plant build- 
ing. This shop includes a drill, a 12-in. 8-ft, 
lathe, a 22-in. planer, a radial drill with a 12-ft. 
arm, a pipe threader, a steel saw and a grind- 
stone. All of this equipment is driven from 
line shafts by a 25-h.-p. motor carried on a 
bracket suspended from a roof truss. A smaller 
motor would have sufficient capacity to drive 
these various machines, but the larger one was 
iristalled in order to have enough power to start 
the motor-generator set. The equipment in this 
machine shop, and in the blacksmith shop, which 
contains two 6-ft. forges, a small air-driven trip 
hammer, an emery wheel and’a radial drill, 
permits practically all repairs to the construc- 
tion plant to be made at the work. Repairs 
that cannot be handled by this equipment will 
be made in the bridge and steel works of Geo. 
W. Jackson, Inc.,.so all dependence on outside 
sources for such work is avoided. 

The Southwest Land and Water Tunnel is 
being driven under the supervision of Mr. John 
Ericson, city engineer of Chicago. Mr. G. F. 
Samuels is engineer in charge for the city. Mr. 
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Geo. W. Jackson, president and chief engineer 
of Geo. W. Jackson, Inc., has personally di- 
rected the installation of the construction plant 


and will supervise the operation of it. 


Harbor Work at Huron, Ohio. 


The United States Government is at present 
making improvements in the harbor of Huron, 
Ohio, a small city on the south shore on Lake 
Erie near Sandusky. The Huron River was 
originally obstructed by a sand-bar at its mouth, 
which closed it to navigation, and in 1826 the 
first project for its removal was adopted. This 
provided for two parallel timber jetties 9o ft. 
apart, extending into the lake from the river 
bank. These jetties were lengthened and re- 
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improvement work. They were built at different 
times and differed materially in details of con- 
struction, varying in width from 16 to 24 ft. 
The bottom of the lake at this point is a stiff 
clay, and the cribs were sunk in trenches exca- 
vated in this material, without the usual rip-rap 
foundations. The cribs have settled considerably 
and lost their true alignment. 

Where the old cribs were capped with the new 
concrete superstructure the cribs were cut down 
to 3 ft. below mean lake level, and a line of 
concrete blocks was set on both the river and 
harbor sides of the jetty. These blocks were 


aproximately 4 by 4 ft. and of sufficient length to 
span from one cross timber of the crib to the 
next, about 8 or g ft. To give a proper align- 
ment to the superstructure it was frequently nec- 
essary to give these blocks irregular forms in- 


Anchoring the Construction Crib; and Passenger Car at Land Tower of Tramway. 


paired from time to time, and the channels finally 
deepened by dredging to 16 ft. Altogether, up to 
June 30, 1905, the United States Government had 
expended $269,908.95 on the project, and in addi- 
tion considerable dredging had been done by local 
authorities. 

The existing project was authorized by the 
River and Harbor Act of March 3, 1905, and 
provides for a channel, with a depth of 20 ft. It 
utilizes all of the west jetty which was service- 
able, extending it 240 ft. and terminating it at a 
pierhead 50 ft. square. A similar pierhead was 
constructed 300 ft. easterly from the extremity 
of the west jetty and is now being connected to 
the shore by a rubble mound breakwater, which 
extends from the pierhead to a point 1,200 ft. 
east of the present east jetty. Upon the comple- 
tion of the work the latter is to be removed. The 
west jetty has a length of 1,741 ft., and the break- 
water when completed will have a length of 
1,750 ft. 

The west jetty consists of 1,109 ft. of timber 
cribs, 582 ft. of timber crib with concrete super- 
structure and 50 ft. for the pierhead. The old 
timber cribs were used as far as possible in the 


stead of the cross sections originally designed. 
The space between the concrete blocks was filled 
in with rip-rap and surmounted with concrete 
placed in mass to a height of 6 ft. above mean 
lake level. The pierhead of the west pier was 
given a height of 14 ft. above datum, to provide a 
foundation for a lighthouse. 

The breakwater, or west jetty, consists of a 
rubble mound of quarry-run stones covered with 
large placed stones. On the harbor side the slope 
is one on one from the bottom to 12 ft. below 
mean lake level, and one on two to the top of the 
structure, which is 8 ft. above datum. The width 
of the top is Io ft. 

The average weight of the quarry-run stones 
of which the jetty is built is 114 tons, running all 
the way from 200 Ib. to 5 tons in individual pieces. 
The specifications required that no stones should 
have a thickness of less than 1-3 its greatest 
dimension. The placed stone is aproximately 
rectangular in shape, with no angle sharper than 
60 deg., or more obtuse than 120 deg. weighing 
from 4 to 10 tons. The specifications require it 
to be set close with a derrick on the best and 
largest bed, adjacent stones not to be farther 
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apart than 18 in. The stones are set to break 
joints and tie the work together as far as pos- 


sible, and on the slopes none vary more than 12 . 


in. from the adopted outline. The lowest outside 
tow of the placed stones on each side is set flat, 
with the tops of the stones as near as possible 
at mean lake level, while the remainder of the 
covering stone is placed edgewise. 

-In constructing the breakwater the contractor 
built a private storage yard near the shore end 
of the jetty and adjacent to the tracks of the 
Wheeling & Lake Erie R. R., and a track was 
laid from this storage yard out onto the jetty, 
being lengthened as the work progressed. An In- 
terstate Engineering Co. 8-wheel locomotive crane 
weighing 65 tons and having an 8o0-ft. boom han- 
dies all of the stones from flat cars run out on 
ithe jetty behind it. For a time this crane also 
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Half Section of Pierhead at Huron. 


switched the cars back and forth from the yard 
to the jetty, but as the breakwater reached a 
length of 700 ft. a small locomotive was placed 
in service, to prevent the large loss of time due 
to switching by the crane. In extending the 
‘breakwater the crane throws the quarry-run stone 
into the water in advance of the work, until the 
rock is built up to about 1 ft. above the water 
for about 30 ft., sufficient to Jay one section of 
track. The top of this new section is leveled off 
with small rip-rap, and upon it are laid track 
stringers carrying closely spaced ties. The top of 
rail is aproximately 214 ft. above the level of the 
lake. 

About eight days are required to fill one of 
these 30-ft. advance sections of the breakwater. 
When the track is in place on the new section the 
placed stones are. set on each side of the jetty, 


leaving the track clear. This method is being fol- - 


lowed on the entire length of the structure, and 
after it is joined to the pierhead the crane will 
work backwards, setting the placed stone over the 
portion now given up to the roadbed. Some of 
the placed stones have weighed as high as 14 
tons, while a great many have been used which 
weigh 10 tons, the average being about 5. The 
average day’s work for 8 hr. is about 200 tons of 
quarry-run and placed stone combined, and the 
maximum tonnage for one day, consisting entirely 
of quarry-run, is 454 tons. The estimated weight 
of stone in the entire breakwater is 63,500 tons. 
The usual force required in filling the break- 
water consists of a superintendent, a foreman, an 
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engmeer and a fireman on the locomotive crane, 
the locomotive crew and three laborers. When 
the riprap is being placed and the track laid an 
additional force of laborers is required. The con- 
tractor for the work is Hunkin Bros. Construction 
Co., of Cleveland. Most of the stone is limestone 
from Bellevue, Ohio, 26 miles from Huron, though 
a small quantity of sandstone has been obtained 
from North Amherst, Ohio. 

While this work has been in progress the 
Wheeling & Lake Erie R. R. have constructed 
two basins near the mouth of the Huron River 
and propose to construct a third one opening into 
the harbor behind the breakwater. The basins 
have a depth of 21 ft. and are enclosed by timber 
retaining walls. The material excavated from the 
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The Erection of the Moodna Creek Viaduct. 


The Erie & Jersey R. R. viaduct across Moodna 
Creek, New York, is 3,200 ft. long and about 182 
ft. high, and is composed of alternating 40 and 
80-ft. plate girder spans supported on steel towers 
as described in The Engineering Record of July 
6, 1907. As now under construction, it contains 
about 4,000 tons of steel and will carry a single 
track, but it is designed for future conversion to 
a double-track structure by the addition of two 
more lines of plate girders and column reinforce- 
ments amounting to about 1,750 tons of additional 
steel work. 


The longitudinal girders 514 ft. deep and 9 ft. 
deep are of ordinary construction, web-con- 


nected at the ends to double transverse plate 


girders 10 ft. deep which are riveted across both 
faces of the battered tower columns. The end 
sections of the webs are shop-riveted to the 
columns and have field riveted cover splice plates, 
field riveted to the ends of the 13-ft. long center 
section. The maximum towers are 5 stories high 
with the panels X-braced in both faces but have 
horizontal struts at panel points only in the trans- 
verse plane. In the tallest tower one column in 
each bent has a roller bearing on the pier 
masonry. Expansion ends are provided for the 
80 ft. girders about 240 ft. apart where they have 
a sliding bearing in a pocket attached to the web 
of the transverse girder, all other girder bearings 
are fixed. 

The viaduct-was erected by a steel traveler 
designed also for use in the construction of other 
extension works now in progresss for the Erie 
R. R. system. The overhead traveler is a simple 
rectangular framework .200 ft. long, 30 ft. high 
and 19% ft. wide on centers, which weighs about 
1oo tons. It is designed as a cantilever with an 
80-ft. overhang and booms projecting from its 
extremities with sufficient length and capacity to 
handle tower members 120 ft., or 2 spans dis- 


Removable Bracket for Jacking up Traveler, Moodna Creek. 


larger basin was used to fill a marsh forming part 
of the company’s property north of the tracks. of 
the Lake Shore & Michigan Southern Ry. 

‘The work is being carried on under the direc- 
tion of Lieutenant Colonel C. McD. Townsend, 
Corps of Engineers, U. S. A. ; 


Tue Exectric Locomotives being used-in the 
Simplon Tunnel are troubled with excessive con- 
densation, affecting the insulation, due to the 
difference in temperature in the tunnel and out: 
side. eed 


tant from the end of the completed structure; It 
is of special and rather peculiar construction, dif- 
fering materially from ordinary travelers in the 
method by which it is supported from and ad- 
vanced on the finished structure, in the provision 
made for handling through it unloading and low- 
ering the miembers of the viaduct and in the plans 
for utilizing it for other purposes and realizing 
a heavy salvage after its work in erecting these 
viaducts is finished. 


It consists essentially of a riveted Pratt truss 
span with riveted members throughout and with 
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lateral bracing only in the planes of the top 


chord. There is no transyerse connection be- 
tween the bottom chords nor between the mém- 
bers of the trusses except what is afforded by the 
sway-brace frames, 12 ft. deep, and temporary 
wooden studs replaced and removed as neces- 
sary during erection. A clearance generally 18 ft. 
wide and 18 ft. high is thus provided through the 
traveler to allow. for car service and the handling 
of material through it from end to end. This 
clearance is reduced to 15 ft. vertical by the over- 
head hoisting engine platform, 43 ft. long, built 
between the trusses at the rear end of the canti- 
lever. It is not, however, diminished by the 
duplex-geared girder crane of 15 tons capacity 
and 16% ft. span which runs on tracks made with 
I-beams too ft. long to the outer end of the 
traveler. 

When in service the traveler is supported at 
panel points Lo and L6 at the rear extremity 
and on the last completed bent of permanent 
structure with pin bearings in ordinary shoes and 
pedestals, the latter being seated on the top 
flanges of the transverse girders of the viaduct 
towers. At each bearing the traveler is anchored 
by vertical bolts with nuts at both ends bearing 
against the bottom chords of the traveler and the 
bottom flanges of the transverse girders in the 
viaduct. When the traveler is advanced, tempo- 
rary transverse plate girders are connected to 
vertical posts 1 and 6 a little above their lower 
ends and the traveler is lifted by jacking up un- 
der them and then lowering it to supports on 
special trucks that travel on the regular perma- 
nent track of the viaduct. 

Each traveler truss consists virtually of a com- 
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Detachable Lifting Girder. 


plete 120-ft. truss and an 80-ft. truss, equivalent 
to four of the eight panels of the viaduct truss, 
with their bottom chords pin-connected together 
at panel point 6, the forward bearing over the 
last completed bent of the viaduct. The top 
chords of the two trusses are connected by a 
horizontal tension member Us U7 taking the 
stress from the cantilever to the anchor arms. 
The trusses are designed so that after their ser- 
vice in the erection traveler is completed the 80-it. 
trusses can be extended to make duplicates of 
the 120-ft. trusses and all together the four 
trusses will suffice to make two spans of ordinary 
120-ft. highway bridges. 

The traveler.is of very simple construction 
with standard details and workmanship according 
to the Erie Railroad specifications. It is built 


with medium steel, all rivets are %-in. in diam-~ 


eter and holes are punched without reaming. The 
top chords and end posts are each made with a 
pair of 10-in. channels and a 17%4 x %4-in. cover 
plate. The bottom chords are made with a pair 
of 12-in. channels, latticed on both flanges, and 
the vertical and diagonal members are made with 
pairs of channels latticed and bolted at both ends 
between jaw plates shop riveted to the webs of 
the top and bottom chords. The transverse 
sway-brace struts are like lattice girders 6% 
and 12% ft. deep, the former being completely 
shop riveted and the latter having their mem- 
bers shipped loose and bolted together and con- 
nected in the field. The top lateral diagonals are 
single angles, one of which is continuous across 
the panel and the other is cut to clear it at inter- 
section and spliced across and connected to it by 
a bolted flange cover plate. 


THE ENGINEERING RECORD. 


Each main bearing is made with a 3%-in. pin 
engaging the double webs of a riveted shoe bolted 
to the bottom chord of the truss and having three 
alternating bearings in a cast-iron shoe with 
horizontal transverse guide strips engaging the 
edges of the top flange of the transverse header 
girder of the finished viaduct over the center of 
the viaduct column. Three bearings are provided 
for each truss, one at the rear end, one at the 
inner end of the cantilever and one at the outer 
end of the cantilever, to engage the advance bent 
of the tower as soon as it is erected. 

At Li and L6 *he bottom chords of the trusses 
are spliced with web cover plates which project 
far beyond the top flanges to form jaws providing 
for the connections of the vertical and diagonal 
posts, and also receiving, on their inner faces, 
very heavy brackets to take the reactions of the 
hydraulic jacks used to lift the traveler from its 
bearings to the truck and from the truck to its 
bearings. These brackets are 3 ft. deep with a 
lower horizontal flange 2 ft. long and a very 
heavily reinforced web, and are each attached 
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of the transverse girders with their upper ends” 


engaging the lower flanges of the lifting brackets 
at panel points Lo and Li and are operated until 


the traveler is lifted clear of the cushions on the 


trucks. The trucks are then withdrawn and the 
jacks are slacked off to lower the traveler to 
bearing on its shoes and pedestals and it is 
anchored to the viaduct by sixteen I-in. vertical 
rods 6% ft. long, engaging the bottom chord as 
already described. The two bearing girders G1 
are then detached and placed with the trucks at 
one side, out of the way. The viaduct members 
are then brought inside the traveler by cars on 
the material tracks which deliver them to the 
girder crane, and the latter carries the material 
for the respective towers out to position and 
lowers it, to be swung into place by auxiliary 
tackles, and then while the bent is securely guyed 
brings out the 80-ft. girders and seats them on it. 

After these are connected the bearing and 
anchorage for the extremity of the traveler at 
points Lio are adjusted on top of the transverse 
bents and. the remainder of the materials are 
brought by the tower and the girder crane to the 
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Cantilever Viaduct Traveler Used at Moodna Creek. 


The vertical posts at Ur and Li have wide 
longitudinal vertical plates riveted to their inner 
flanges beyond which they project with open 
holes to receive the connection bolts through the 
transverse end plates of the carrying girders G1. 
These girders are 17 ft. 1034 in. long, out to out, 
and have two 35%4x3%-in. webs 10% in. apart in 
the clear which are connected by five equidistant 
transverse diaphragms and\ have four 6x4x%4- 
in. flange angles. The three intermediate dia- 
phragms are set at the points where the girder 
takes bearing on blocking on the moving truck, 
and are proportioned to reinforce it for the con- 
centrated shears at these places. 

Each moving truck has six double flange 
wheels with their journal boxes bolted to the bot- 
tom flanges of two pairs of 15-in. longitudinal 
I-beam sills 7 ft. long and 6% ft. apart on cen- 
ters. These sills carry across their top flanges a 
single transverse girder to ft. long made with 
three 15-in. I-beams bolted together with cast-iron 
separators. Three pairs of longitudinal yellow 
pine cushion blocks on the top flanges of this 
girder give bearing against the transverse carry- 
ing girders Gr. The vertical posts at the outer 
extremities of the cantilever trusses serve as 
masts for 45-ft. wooden derrick booms with fit- 
tings made at Erie Railroad machine shop. The 
total weight of the traveler is about 200,000 
Ib., and it is proportioned to carry a concentrated 
load of 30,000 Ib. at the extremity of each canti- 
lever truss. 

After completing two panels of the viaduct the 
traveler is advanced until panel points L6 are 
centered over the last transverse tower bent com- 
pleted. Hydraulic jacks are then set on the tops 


derrick booms on the. end of the traveler, which 
completes the erection of the tower and sets the 
40-ft. girders on it. The girders Gr are lowered 
and reconnected in their former positions, the 
trucks are brought out and placed under them 
and the hydraulic jacks are set under the lifting 
brackets again and raise the traveler clear of the 
trucks to which it is lowered, the jacks released 
and the traveler advanced 120 ft. as before and 
so on. The movement of the traveler is thus 
accomplished easily and quickly on the material 
track, and the bearings on the center lines of 
the trusses over the tops of the tower columns 
utilize the full width of the viaduct notwithstand- 
ing that the latter is only equipped with a single 
pair of girders close together for a single track. 

The Erie Railroad construction department is 
under Mr. J. M. Graham, vice-president, and Mr. 
Francis Lee Stuart, chief engineer, under, whose 
direction the viaduct was designed by Mr. 
Mason R. Strong, engineer of bridges and build- 
ings, with the assistance of Mr. F. A. Howard, 
assistant engineer of bridges and buildings. The 
erection has been done by the Bridge and Build- 
ing Department, under the charge of Mr. W. H. 
Wilkinson, inspector of bridges. The steel work 
was fabricated by the McClintic-Marshall Con- 
struction Company. 


Fuet Ort on Locomorives is largely used in 
Mexico, where about 4,000 bbl. are now consumed 
daily, it is stated, on the Mexican Central Ry. 
alone. More locomotives are now being fitted 
with oil burners as a result of the satisfactory 
experience in the past. The oil costs about $1.10 
per barrel, giving a material saving over coal. 


— 


OctToBER 26, 1907. 


A Favorable Report on the Calumet Drain- 
age Canal. 


On Oct. 19 Mr. Rudolph Hering submitted a 
report to the Trustees of the Chicago Sanitary 
District which will unquestionably be the leading 
argument they will use in their endeavor to 
secure permission from the Federal authorities 
to turn 4,000 cu. ft. of lake water per second into 
the drainage canal in addition to the 10,000 
cu. ft. per second which the International Water- 
ways Commission has approved. It will be re- 
called that Messrs. Hering & .Fuller were re- 
tained by the International Waterways Commis- 
sion to report on certain features of sewage dis- 
posal in* the Calumet District lying south of 
Chicago, and that their report was in favor of 
septic tanks and sprinkling filters. As Mr. Her- 
ing was the engineer who designed the main 
features of the Chicago drainage canal, this 
report has been regarded by a good many people 
as indicating a change of opinion on his part 
concerning the methods of sewage disposal ad- 
visable for the district about the lower end of 
Lake Michigan. In order to counteract any 
such view, in all probability, the Trustees of the 
Sanitary District retained him to report on the 
most desirable method of disposing of the sewage 
of the so-called Calumet sub-division of the 
Sanitary District without causing a nuisance or 
any pollution of the lake water, irrespective of 
previous recommendations or legal restrictions. 
He was requested by the Trustees to take a 
comprehensive view of the problem, so that 
any recommendation he made would be in Iine 
with what appears to him to be the proper so- 
lution of sewage disposal problems in the dis- 
tant future. He was also requested to furnish 
estimates of cost and any attending benefits that 
would be associated with whatever method he 
recommended. The ‘conclusions in his report 
are as follows: 

The Calumet Subdivision is the term used for 
that part of the Sanitary District lying south 
of 87th street, because for the territory north of 
that street provision for sewerage already exists 
or has been planned. The Calumet River passes 
through its southern part and resembles both in 
ordinary and flood discharges the Chicago River 
before its flow was reversed. . There is also a 
low divide a-few miles to the west, beyond 
which the drainage flows into the Desplaines 
River at Sag, and thence to the Mississippi 
River. Much of the territory is already pro- 
vided with sewers, which take both sewage and 
rain water, except a small area at Pullman, 
where these waters are separated. 

The lowness of.most of the area makes it 
necessary for much of the sewage and rain water 
to be pumped. At gsth street, near the mouth 
of the river, there is a pumping station for this 
purpose. Under flood conditions sewage enters 
the lake, which in the future, and perhaps al- 
ready, must endanger the wholesomeness of the 
water at the Hyde Park intake of the Chicago 
waterworks. 

There are two methods available for properly 
disposing of the sewage in the Calumet region, so 
as to prevent the pollution of the water supply 
of the city and prevent any nuisance in the 
river or on land. One of these methods is puri- 
fication by means of septic tanks and sprinkling 
filters, the other is by repeating the method 
now used in Chicago and building a canal from 
the Calumet River across the low divide to 
join the present sanitary canal at Sag, and by 
reversing the flow of the Calumet River to 
carry in it sufficient water to dilute the sewage 
properly. Whenever this flow is less than re- 
quired, the deficiency is supplied from the lake; 
whenever it is greater, the excess flow goes to 
the lake. To guard against the sewage being 


THE ENGINEERING RECORD. 


carried into the lake at such times, it is neces- 
sary to build intercepting sewers to discharge 
it into the canal and not into the river. 

At the request of the International Water- 
ways Commission, the various “available meth- 
ods of disposing of the sewage of the Calumet 
area, other than by dilution,’ were studied and 
sprinkling filters recommended as “being the 
cheapest, both in cost of construction and opera- 
tion, and accomplishing an adequate degree of 
purification.” Under the instructions of the 
Sanitary District Trustees, Mr. Hering has now 
compared this method with the dilution of the 
sewage in the Calumet-Sag canal. 

The dilution method was studied by experience 
gained during its application in Chicago, since 
the sanitary canal has been opened. The canal 
was ofiginally designed to carry 10,000 cu. ft. 
per second, sufficient to dilute the sewage of 
3,000,000 persons. Above Summit provision for 
this population is being made; below Summit 
the canal is now capable of carrying 14,000 cu. ft. 
per second, but between Summit and Sag it is 
proposed to carry only 10,000 cu. ft. per second, 
and at Sag to receive 4,000 cu. ft. per second 
through the proposed sanitary canal from the 
Little Calumet River. This project will protect 
the lake water from receiving any sewage, Mr. 
Hering states. It will permit controlling the 
proper flow in the canal at all times and dilute 
the sewage of 1,200,000 persons in the same 
manner as the main canal now built. 

In order to compare the two projects, it is 
necessary to know their true values, which must 
be based upon their cost and collateral advan- 
tages. A most important item for those who 
pay the taxes is the cost. This is obtained from 


a balance between expenses and receipts. The 


expenses should be stated as the total annual 
cost, made up of operating expenses and fixed 
charges for interest and other items. The re- 
ceipts should be given as the returns from the 
sale of products. There is no money returned 
from the sprinkling filters, as their product has 
no value. But there is a return from the dilu- 
tion project, because the flow of 4,000 cu. ft. per 
second can drop 66 ft. and develop 22,500 ef- 
ficient horse power. This earning power pro- 
duced by the money Spent in building the canal 
to supply the water is an asset as much as if 
it had been built especially for water power 
purposes. It is an asset as much as the products 
yielded from mineral land originally bought from 
the government and as much as rent secured 
from a building. 

Mr. Hering gives the accompanying table, 
showing the net annual cost of the two methods 
of disposal for a population of 300,000 in the 
Calumet region, and a future population of 1,200,- 
000; these figures are based upon the use of 
sprinkling filters and upon the Calumet-Sag 
canal, first, for its actual cost, second, its cost 
with a return for power at Lockport, and third, 
with a return for power at both Lockport and 
Joliet. This table indicates that for an early 
population of 300,000, the canal project would 
cost annually about one-third as much as filters, 
and for a population of 1,200,000 about one- 
quarter as much, not considering any value 
which the canal may have for the purpose of 
navigation. The table further shows that when 
the population is 1,200,000, the presumable an- 
nual cost of the canal project, even without any 
returns from the sale of power, would be 
$136,600 less than that of sprinkling filters. Even 
a material variation in the cost would not alter 
the general conclusion that the canal is the 
cheaper project, Mr. Hering states. 

The cost comparison alone would decide which 
project is the more desirable one for the citizens 
of Chicago, if there were not objections ap- 
parently ‘more or less serious that have been 
raised against the Calumet-Sag project. These 
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objections can be satisfactorily answered, Mr. 
Hering reports. The most important of them 
are stated below. 


AnnuaL Cost, INcLupING OPERATING AND FixED CHARGES. 


-——-Calumet—Sag Canal.——¥_, 
Installation ’ Cost of With Power 
for a Popu- Sprinkling Canal With power at Lockport 


lation of Filters, Alone. at Lockport. and Joliet. 
300,000 $360,240 $656,900 $384,100 $128,800 
1,200,000 900,300 763,700 490,000 235,600 


A question has arisen as to whether it would 
not be more economical to utilize the main canal 
and its feeders to their full capacity for the 
central district of the Chicago metropolis through 
which it runs, and to erect sewage treatment 
works for all the more distant parts, such as the 
Calumet region. The annual cost of works for 
carrying out this suggestion would be $122,000, 
considering an income from the additional flow 
of 4,000 cu. ft. per second. But this expendi- 
ture does not provide any relief whatever for 
the Calumet area, the cost of which, for filters, 
can be taken at $600,000 per annum when the 
population in the district is 700,000, while the 
cost of the Calumet-Sag project would be only 
$175,000 per annum. 

The most important objection comes from the 
International Waterways Commission, which says 
that the diversion of 14,000 cu. ft. per second 
would lower all of the lakes from 6 to 8% 
in., and that the cost of restoring the original 
depth would be about $12,500,000. It grants the 
diversion of 10,000 cu. ft. per second without 
further question for sanitary purposes, what- 
ever the effect upon navigation may be, but 
recommends that the government of the United 
States prohibit the diversion of any further 
amount. Should the Sanitary Canal cause the 
lowering of the lake levels stated above, the 
prohibition would certainly be in the interest 
of Chicago no less than those of the entire lake 
region. It seems evident to Mr. Hering, how- 
ever, from a study of the facts in the case, 
that whatever lowering would be caused by the 
diversion through the sanitary canal is already 
almost completely compensated by work partly 
done, or recommended, to be done, by the Com- 
mission at Sault Ste. Marie. 

The Commission has recommended the estab- 
lishment of a low-water level in Lake Superior 
of 601.7 ft. above tide, to be held by regulating 
works, and a high water-level of 603.2 ft., or 
18 in. higher. The lowest annual mean level 
of Lake Superior occurred in 1879, and was 
601.43 ft. The most protracted low-water period 
since 1860 occurred between the years 1888 and 
1893. During this period the lowest annual mean 
discharge at Sault Ste. Marie was 57,420 cu. ft. 
per second in 1802. 

Computing from these facts the depth of 
storage necessary, after allowing this discharge 
to continue down the lakes, to furnish in addi- 
tion a continuous flow of 14,000 cu. ft. per 
second to be diverted into the Mississippi Val- 
ley at Chicago, Mr. Hering finds this depth to 
be 21.6 in. If we add this depth to the lowest 
annual mean level of Lake Superior, which, 
since 1860 was 601.43, we get an elevation of 
603.23, or but a trifle higher than the high water 
level recommended by the Commission. There- 
fore, its recommendations, if adopted, would 
create by storage during high water in the lake, 
Mr. Hering asserts, almost the entire flow of 
14,000 cu. ft. per second desired by Chicago for 
its two sanitary canals, without lowering the 
lakes in the least, nor requiring any expenditure 
for restoring the original depths of the harbors,,. 
channels and canals of the lake system. 

Other countries spend large sums of money 
for water storage to increase the flow of rivers. 
Our Great Lakes, Mr. Hering points out, are 
the most magnificient storage reservoirs of the 
world, high above ocean level and large enough 
to send, by gravity, great amounts of water to 
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tthe sea in two directions for the benefit of 
commerce. Assuming now that there cannot be 


an injury to navigation in the Great Lakes from 
the diversion in the proposed sanitary canals, a 
few collateral facts of the Calumet-Sag Canal 
over the use of sprinkling filters are mentioned 
by Mr. Hering. j 

A final disposition of sewage by at once 
diluting it with a sufficient quantity of running 
water has the advantage, he states, of simplicity 
in operation, and is therefore always preferable 
to any method of treatment because it requires 
less attention, care and labor, and from a sani- 
tary point of few, is quite as satisfactory, if the 
sewage is properly mixed with the diluting water 
and not used as a potable supply until actual 
oxidation has made it safe. 

As yet the least expensive method of sewage 
treatment has not been developd to a final state. 
No municipal plant of sprinkling filters has yet 
been operated in America, although several are 
mow under construction. We may, therefore, ex- 
pect that experience, particularly in northern 
climates, may indicate some desirable modifica- 
tions, Mr. Hering states, although we expect 
them to be only slight and in southern climates 


Jacking Down a Pier Cylinder for a Viaduct. 


insignificant. On the other hand, the dilution 
method of sewage purification being the prevail- 
ing one and the oldest one in use, is thoroughly 
iknown as to what it can do and what it cannct 
do. We may, therefore, consider its works to be 
more permanent, Mr. Hering asserts. Even if 
the comparison of cost, ‘simplicity and perma- 
nence, contrary to fact, had all indicated no dis- 
tinct advantage for the dilution project, the 
present case introduces a feature which consti- 
tutes a decided advantage in favor of the Calu- 
met-Sag canal. Its size, location and moderate 
current necessarily combine to make it available 
for a navigable waterway connecting Lake Mich- 
‘igan with the present sanitary canal at Sag. That 
there is already a marked tendency to concentrate 
heavy and bulky freight at the Calumet River 
is shown by the fact that, while the tonnage of 
the Chicago River has remained almost constant 
for 18 years, the annual increase of tonnage of 
the Calumet River has been quite rapid and is 
now imore than half of that in the Chicago River. 

If regulated. for slack water navigation, it is 
well known that silt-bearing rivers have the dis- 
advantages ,of perpetual dredging. If regulated 
for large quantities of lake water to materially 
augment the flow, such dredging will be much 
reduced and cause a permanent advantage. This 
view is endorsed and amplified by a remark made 
in Chicago in 1906 by General O. H. Ernst, Corps 
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of Engineers, U. S. A., who said: “In a future 
not remote, larger amounts of. water (than 
30,000 cu. ft. per second) may be needed for 
sanitary purposes, and channels deeper than 14 
ft. will then become practicable in the open 
alluvial portions of the Illinois River.” 

After weighing carefully all the advantages and 
disadvantages of the two propositions, it is Mr. 
Hering’s opinion that the proposed Calumet-Sag 
Canal is not only the more economical one for 
disposing of the sewage of the Calumet region, 
but that it has still other advantages of more or 
less weight. 


Sinking Viaduct Piers with Hydraulic Jacks. 


The’ double track Market St. viaduct of the 
Philadelphia Rapid Tramsit Co.,, joims the Schuyl- 
kill River Bridge om a curve and tle end tower, 
carrying a part of the approach span; has two 
piers, the most heavily loaded of which has about 
13% tons dead and 4o% tons, maximum live 
load, They are located about 60 ft. beyond the 
water line and were sumk about 4o ft. through 
miscellaneous fill to coarse gravel witl» steel cyl- 
inders 4 it. in diameter and 60 ft. lomg:. 


An excavation about 10 ft. wide and 30 ft. 
long was made adjacent to the masonry abut- 
ment, and was sheeted down about Jo ft. to water 
line on three sides with 2x10-in. vertical planks 
driven against horizontal rangers 5 ft. apart, 
strongly braced with transverse struts. An 8x12- 
ft. horizontal platform of Iox1o-in. timbers. laid 
on pairs of transverse 12xI2-in. girders were set, 
one on each side of each cylinder pier center and 
provided with four vertical 1%4-in. rods about 
12 ft. long with their lower ends passing through 
the platforms and girders and bearing against 
the under sides of the latter with nuts and 
washers. The upper ends passed through 12x16-in. 
longitudinal horizontal timbers 1o ft. long and 
took bearing on their upper surfaces with double 
nuts and heavy cast-iron washers. 2 

Between the rods a 16x16-in. transverse tim- 
ber, 5 ft. long was seated across the tops of the 
lower timbers and connected to them with two 
pairs of 1%-in. bolts, engaging four 5-in. saddle 
plates on the tops and bottoms of the timbers. A 
pair of horizontal longitudinal. 12-in. I-beams 
about 20 ft. long were set on the center trans- 
verse line of the bents with their top flanges 
between the pairs of 12x16-in. timbers with their 
top flanges bearing against the lower surfaces of 
the 16x16-in. upper timbers, and served as reac- 
tion girders for sinking the cylinders. 

The platforms were loaded with more than 50 
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tons of pig iron, and a hydraulic jet was inserted 
in the cylinder, jacking beams were placed across 
its upper end and on them were seated a pair 
of so-ton hydraulic jacks“ engaging the lower 
flanges of the reaction girders. The jet was 
moved around the interior of the cylinder close 
to the cutting edge and its scouring actiom com- 
bined with the pressure of the jacks, each operat- 
ed by two men at its lever, gradually foreed 
the cylinder into the ground while the sand 
and water overflowed its upper edge,. was col- 
lected in a sump and drained by a steam: punt. 

When the first section was driven to the sur- 
face of the ground the jacks were removed, a 
second section was bolted to it through: interior 
flange connections, the jacks were replaced! and 
operations repeated until both cylinders. were 
sunk 6 ft. farther, after’ which a thirdi section 
was added, and so on until the continuous. steel 
shell entered the gravel stratum and was. pumped 
out. Men then entered, cleaned and leveledi the 
bottom and rammed the dry 1:3:5 concrete: witla 
which the cylinders were filled. 

The fill contained so many boulders and other 
obstructions that about two days were requined 
for sinking each section of a cylinder, buti tle 
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cylinders for both piers were sunlk sinmltaneously, 
This method of sinking is, of course, not un- 
usual in building construction, but im this case 
the conditions were difficult amd it was believed 
that a considerable economy was. effected by us-~ 
ing this method instead of the ordinary pneu- 
matic caisson method. The work was done by 
John Monks & Sons, New York, Mr. Chas, 
Deans, engineer, under the direction of the engi- 
nering department of the Philadelphia Rapid 
Transit Co., Mr. W. S. Twining, chief engineer, 
and Mr. Chas. M. Mills, principal assistant engi- 
neer, and Mr. Frank R. Fisher, resident engineer, 


APOKONIN is a new dust-preventing material 
described in a recent. report from Consul Norton 
at Chemnitz. He states that it is a mixture of 
heavy residual oils obtained in the distillation of 
coal tar ‘with high-boiling hydrocarbons. The 
product thus made is prepared for use by heating 
it in iron kettles, like those employed with as- 
phalt, to temperatures ranging from 212° to 250° 
F. It is then sprayed evenly over the roadway 
with a special sprinkler, which operates under 
such high pressure that the liquid penetrates the 
upper layer of dust.” As a result a compact shin- 
ing black’ coating is said to be formed which has 
no odor and is dustless. This material has been 
used on the macadamized streets of Leipsic to 
some extent. 


OcToBER 26, 1907. 


The Reinforced Concrete Work of the 
McGraw Building. 


A paper by William H. Burr, in the “Proceedings” 
of the American Society of Civil Engineers for October, 
1907, to be presented Nov. 20, 1907. 


The McGraw Building is a true reinforced 
concrete structure—the latest type of buildings 
of that general class. It is on the north side 
of West 39th St. between Seventh and Eighth 
Aves., in the city of New York, in that district 
which has already felt the stimulating influence 
of the new Pennsylvania R. R. Station in process 
of construction a half dozen blocks to the south. 
This part of the city is undoubtedly destined to 
become a great business center, where substan- 
tial buildings of the highest type will be required 
in order to meet the demands of the development 
of that vicinity. 
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World” and “Street Railway Journal.” At the 
same time is was designed to accommodate not 
only the printing presses of the McGraw Publishing 
Co., but any other similar business requiring the 
operation of heavy machinery or the storage of 
heavy goods in bulk. It was imperatively neces- 
sary, therefore, that the building should be de- 
signed and built so as to afford the greatest pos- 
sible resistance to the vibration of heavy ma- 
chinery, and possess to an unusual degree both 
rigidity and durability. It is also fireproof to 
such an extent that the McGraw Realty Co. may 
reasonably be its own insurer. While the build- 
ing is admirably adapted to office use, its lower 
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In order to meet the exacting requirements for 
the unusually substantial structure required by 
the McGraw Publishing Co., it was decided to 
design the building for a live load of 250 lb. per 
square foot for the first and second floors, 200 
lb. per square foot for the third floor, 150 Ib. 
per square foot for the fourth floor and 125 Ib. 
per square foot for all the other floors above the 
fourth, and with a live load of 60 lb. per square 
foot for the roof. All parts of the floor beams 
and girders, therefore, and the columns, were de- 
signed to sustain, under the requirements of the 
Building Code, the actual weight of the struc- 
ture and the live load specified above. 

Prior to the submission of this design the 
Building Code of the City of New York had 
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39th St, and a depth of 90 ft. It has eleven 
stories. The height of the roof is 145 ft. above. 
the ground floor, or nearly 150 ft. above the 
street, or, finally, 159 ft. 6 in. above the basement 
floor. While, therefore, it is far from ranking 
among the tallest sky-scrapers of the city, it is 
to be classed among the high business build- 
ings of Manhattan Island. Its height is much 
greater than has heretofore been considered prac- 
ticable for a purely reinforced concrete building, 
i. €, a concrete building without iron or steel 
columns. 

It has been constructed for the McGraw Realty 
Co. primarily to accommodate the business of the 
McGraw Publishing Co., whose publications in- 
clude “The Enginering Record,” “Electrical 
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floors, particularly, are thus capable of affording 
provision for those business purposes which re- 
quire heavy and substantial construction. 

Like-most other portions of that part of the 
city north of 14th St. the rock originally at the 
site of the building was close to the surface. The 
excavations for the foundation were not carried 
deeper than about 20 ft. below the street surface, 
and there the entire foundation was placed upon 
the gneiss which forms the ledge or bedrock. 
There were no real foundation problems to be 
solved. The columns supporting the building, 
and the retaining or area walls around the base- 
ment, were all founded upon the same ledge, un- 
der the requirements of the Building Code of 
the City of New York. 


permitted a working stress of only 350 lb. per 
square inch, for concrete in direct compression, 
it being practically assumed that all reinforced 
concrete columns would be of the Considére 
type. Obviously, if this regulation should prevail 
for an eleven-story building, the size of the col- 
umns in the basement and lower stories would 
be so great as to trench too seriously upon the 
available space for machinery or for other busi- 
ness purposes. As it was strongly desired to se- 
cure all the material advantages accruing to re- 
inforced concrete structures, it became necessary 
to design such columns as would be of much 
smaller cross-section than those of the type here- 
tofore prevailing. Two procedures were avyail- 
able: one was to use a substantial quantity of 
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steel in the form of an ordinary steel column 
suitably designed for this purpose, and the other 
was to use the concrete in such a way as to jus- 
tify a much larger working stress per square inch 
than that prescribed in the Building Code. These 
requirements are met in an eminently satisfactory 
way by the columns of the type used. All col- 
umns throughout the building are composed of 
an interior filling of concrete combined with steel 
angles latticed in the ordinary manner of built 
steel columns. The interior columns and most of 
those in the exterior walls are built with four 
angles, with the usual riveted lattice or lacing 
bars on the four sides of each column. In the 
case of a number of the exterior columns it was 
necessary, for the attainment of unavoidable struc- 
tural ends, to use a column of elongated cross- 
section with eight steel angles of the same general 
type as those in the interior, which, with the con- 
crete filling, form a column of two cells, so to 
speak, rather than one. The plans accompanying 
this paper show fully and clearly this arrangement 
of the combined concrete with steel angles and 
lacing bars. In all cases the steel angles, with 
the corners of the angles turned out, were spaced 
as far apart as the extreme outer dimensions of 
the completed column would permit. 

In accordance with the requirements of the 
Building Code, there is a thickness of 2 in. of 
concrete outside of the steel angles. This 2-in. 
shield of concrete is assumed to carry no load 
whatever; its function is simply that of fireproof- 
ing, i. e., to protect the steel against the imme- 
diate heat or flames of any fire that may start in 
the combustible materials at any time stored in 
the building, or of a conflagration in an adjoin- 
ing building. The concrete within the exterior di- 
mensions or outline of the steel angles is available 
for carrying a compressive or column load. As it 
is completely embraced or surrounded by the steel 
angles and lacing bars, it is steel “banded” in the 
most effective manner possible. Its enclosure in 
the steelwork of the column is so rigid, mani- 
festly, that lateral strains under column loads 
must be greatly reduced—in fact, nearly pre- 
vented—within any ordinary limits of loading. 
Such concrete, therefore, is largely prevented 
from the usual yielding of that material under 
compression, and its compressive carrying capac- 
ity is increased. This is not only obvious from 
the condition of the concrete in these columns, 
but that view is confirmed by the comparatively 
few results of tests of concrete columns of this 
character. When, therefore, the plans of these 
columns were submitted to the Bureau of Build- 
ings of the City of New York for examination 
and final approval, a special regulation was made 
permitting the concrete to carry a maximum 
working load of 750 lb. per square inch within 
the exterior limits of the steel angles, the ex- 
terior 2 in. of concrete, as stated previously, be- 
ing considered simply a fire-protecting shield. 
This increased permissible load upon the concrete 
is coupled with the further provision that the 
cross-section of the steel in any column at any 
floor shall be sufficient to carry the entire dead 
load above that section without stressing the steel 
to more than 16,000 lb. per square inch. 

The use of the steel, in load-supporting con- 
dition, as a long column independent of the con- 
crete, and at the same time forming a rigid band- 
ing member for the latter, with the consequent 
increase of permissible working load on the con- 
crete, reduced the size of the columns in the 
basement and lower stories to dimensions quite 
consistent with the desired convenient and eco- 
nomical use of the clear floor space. Columns 
of this general type combine with their high car- 
rying capacity, great convenience in erection, for 
their steel sections may be erected ahead of the 
concrete work and afford convenient supporting 
members for the adjoining forms or for other 
erection work. The lacing bars, rivet heads, and 
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other projecting column details act positively 
in creating a firm and complete hold or bond 


_ between the steelwork of each column and the 


concrete enclosed within it. This feature of 
these columns compels the steel and the enclosed 
concrete to act as a unit, and this action is en- 
hanced by placing all the lacing bars in one direc- 
tion inside the steel angles, the other set being 
placed outside, as shown on the plans. 

The Building Code requires the ratio between 
the moduli of elasticity for the steel and con- 
crete to be taken as 12. Hence, as the permis- 
sible compressive working stress in the concrete 
was taken at 750 lb. per square inch, the corre- 
sponding working stress in the steel would be 
9,000 lb. per square inch. 

The largest columns (in the basement) have 
exterior dimensions of 29 x 29 in., but, at the 
eleventh story, the exterior dimensions are re- 
duced to 14 x 14 in. These columns were built 
in sections of a length equal to the combined 
height of two stories, i. e, 25 ft. The extra 
metal involved in this procedure was too small 
to be of practical consequence, and the expense 
of half the joints, if a change of section had been 
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made at every floor, was saved. Much time was 
also gained in the erection of the steelwork. The 
abutting ends of the column sections were faced, 
and the joints were made by suitable splice- 
plates. Where there was a change in the exte- 
rior dimensions of the steelwork, full-strength 
splices were made by riveting suitable short- 
angle sections on the interior of the splice-plates 
of the lower part of the joint. These details 
are also shown on the plans. 

The ratio of the area of steel section to that 
of the concrete for the various columns varied 
from 10 per cent. in the basement where the steel 
carries about 57 per cent. of the total load to 
3% per cent. in the ninth floor where 30 per cent. 
of the total load is carried by the steel. The re- 
quirements of the Building Code for a design 
of this type raises the percentage of steel to much 
higher values than in ordinary concrete-steel 
work. 

Table 1 shows the number and sizes of steel 
angles used throughout the main columns of the 
building. 

The design of the floors, in general, is quite 
similar to that usually found in buildings of this 
class, although there are certain important de- 
tails which do not come under that. observa- 
tion. As the plans indicate, the spacing of the 
columns is such as generally to divide each 
floor into panels 21 ft. 9 in. by 14 ft. 8 in. be- 
tween centers of columns, the clear span of the 
main girders between columns being 14 ft. 8 
in. less the width or diameter of the column sec- 
tion. The clear span of the floor beams between 
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the main girders is 21 ft. 9 in. less the width of 
these girders. These prevailing lengths of spans 
of the beams and girders were modified at a few 
points in each floor to accommodate such features 
of construction or details of floor space as stair- 
ways, elevator shafts and similar details. 

As the plans indicate, all floor-girder and beam 
reinforcement was of round steel rods, of sizes 
running generally from 34 to 13% in. in diameter. 
These rods were grouped in one plane on the 
tension side of each beam or girder. As a rule, 
every alternate rod was bent upward at the end 
of each span so as to rise within about 2 in. 
of the top of the concrete, from which point it 
continues through either the main girder or the 
adjoining column, as the case may be, into the 
adjoining span well toward the quarter point of 
the latter. By these means, true continuity of 
beams and girders was secured in every case. In 
addition to this, the end of each rod was bent 
down, forming a right-angled turn, with an arm 
from 2 to 3 in. long, thus insuring a rigid bond 
or connection with the concrete. This main de- 
tail, formed by carrying the rods through the 
girders and columns, is an important feature in 
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securing continuity and rigidity in the general 
construction of the building. It is believed to be 
one of the most important details of the best 
design of reinforced concrete building construc- 
tion, and it should be secured either in the man- 
ner adopted in this building or by some other 
procedure of at least equal excellence. 

The proper spacing of these reinforcing rods 
was secured by suitable supporting details 
throughout the length of the beams and gir- 
ders themselves and by notches cut in angle- 
brackets riveted on the columns where they 
joined the latter members. At the columns, rig- 
idity of connection was secured by bolting clamps 
through the angle-brackets just named and jam- 
ming the rods by tightening the nuts against 
those brackets. This secured an exceedingly 
strong metal connection between the reinforcing 
rods and thé steel columns, aside from the fur- 
ther rigidity produced by the concrete mass of 
the intersecting columns,. beams and girders. 
These details, shown on the plans, were designed 
with care for the purpose of securing the strong- 
est possible steel connections between the beams 
or girders and the columns, it being one of the 
main purposes to attain rigid continuity between 
floors and columns, and floors and outside walls. 
It is believed that unusual stiffness and strength 
have been given to this building by these means. 

All beam and girder computations required by 
the floor designs were made in accordance with 
the. provisions of the Building Code of the City 
of New York, the usual common theory of flex- 
ure formulas for concrete-steel beams being used. 
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While the parabolic law of variation of intensity 
of stress in concrete beams results in a trifling 
economy of material, it is less rational and sim- 
ple than the usual straight-line law of variation, 
and the latter is more nearly accurate. 

The Building Code of New York does not per- 
mit the condition of perfect continuity of beams 
to govern the design of reinforced concrete floor 
beams and girders. It is permitted, however, to 
consider the maximum bending moment of such 
beams, when uniformly loaded from end to end, 
as the total load multiplied by one-tenth of the 
span, rather than one-eighth of the span as would 
be taken were the beams simply supported at each 
end. This is a widely used method for continu- 
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steel to an unsafe extent. While the tension in 
the steel produced in this manner, ignoring en- 
tirely the shearing resistance of the concrete, is 
higher than would normally be prescribed, it is 
far below the elastic limit, and forms a safe 
provision for the entire end shear in: case any 
exigency should arise producing such a break in 
the concrete as practically to destroy its capacity 
for shearing resistance. In addition to this con- 
dition, there is sufficient concrete also at the ends 
of beam and girder spans to carry the shear at 
an intensity of 50 lb. per square inch of con- 
crete section as permitted by the New York 
Building code. This, also, has been considered 
one of the essential details of a concrete-steel 
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moulds for a concrete steel building, in order to 
secure expeditious and economical work, is the 
most difficult part of the entire undertaking, and 
the principal improvements to be made in it are 
those which pertain to perfecting a proper sys- 
tem of construction of the forms and their ready 
handling. The quantity of lumber required in 
them, and the carpentry work necessary in mak- 
ing repairs consequent upon their use and re-use 
for successive floors, and in their supports, con- 
stitute far larger items of cost than might at first 
be supposed. If these costs are to be reduced, 
as they must be for heavy concrete-steel con- 
struction of the best class, the principal study of 
the engineer must be directed to this particular 
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General 


ity, in favor of which much can be said. It is 
extremely doubtful whether perfect continuity 
is attained in any case, but it is certain that a 
material advantage is secured over the condition 
of a beam simply supported at each end. The 
one-tenth rule, as it may be called, is a reason- 
able compromise. 

Another condition insisted upon in the de- 
sign of this building was a metallic provision 
for taking the end shears of beams and girders. 
By referring to the plans there will be observed 
inclined portions of the round steel reinforcing 
rods to which attention has already been called. 
In every case there is sufficient steel in these in- 
clined portions of rods to take the total end 
shears multiplied by the secant of the inclina- 
tion rods to a vertical line without stressing the 
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building designed for a heavy and otherwise 
fatiguing service. 

The floor slabs spanning the spaces between 
the floor’ beams are 4 in. thick in the lower 
floors, carrying the heaviest loads, and 3% in. 
thick in all the higher floors. Their reinforce- 
ments are % and %-in. rods, long enough to 
extend over a number of panels or spans so as 
to make these also continuous. Their general 
design is similar to that of the floor beams and 
girders. As the distance apart of the centers of 
the floor beams is about 5 ft. 2 in., the clear span 
of these floor slabs varies from about 4 ft. to a 
little more than 4 ft. 4 in. according to the 
thickness of the adjoining floor beams on either 
side of the span. ; 

The proper design of the wooden forms or 


part of his work. While these ends may not and 
probably have not been completely attained in 
this instance, the system of forms used gave ex- 
cellent results in the quality of the concrete pro- 
duced, and led to reasonable economy and effi- 
ciency. The weight of concrete and the rela- 
tively large quantities used in such individual 
members as beams, girders and columns make 
heavy forms imperative and substantial support 
necessary. 

The details of the timber forms for the floor 
beams and girders where they meet the columm 
forms require especial attention. A proper de- 
sign of the parts where the floors and columns. 
join will result in great economy in the details 
of the forms. If the shapes of the exterior sur- 
faces of the concrete are complicated and require 
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careful fittings of the column and floor forms, 
expensive carpentry work will be required wher- . 
ever a column pieces a floor, whereas simply 
shaped concrete surfaces will eliminate that work 
and greatly expedite the construction. Similarly, 
it is highly desirable that there shall be as few 
changes as possible in the exterior dimensions 
of the columns. If exterior column dimensions 
could be retained unchanged from basement to 
roof, it would make possible complete uniform- 
ity of the details of column and floor forms 
throughout the entire building, eliminating a 
great amount of fitting and carpentry work other- 
wise unavoidable. 
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tween the adjoining sides of any two of them 
was then suitably closed with planks or boards 
so that when the concrete was finally poured over 
their tops to the thickness of the floor slabs, the 
desired paneling of those slabs between the beams 
and girders was secured. It is imperative, for 
expediting the work, as well as for economy, 
that these box forms for the floors shall be con- 
structed so that they may be removed readily 
after the concrete becomes sufficiently hard. To 
secure this important result, such forms must be 
readily collapsible at both ends and sides, and, at 
the same time, they must be substantial enough 
to hold the wet concrete without distortion and 
so well made that they may be handled in re- 
moving from one floor and replacing on a higher 
one without sensible damage. This constitutes 
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the labor bills for the work and the repairs of 
the forms themselves will be so greatly reduced 
as to give this class of construction material eco- 
nomic advantage. 

The length of time which the forms should re- 
main in place supporting fresh concrete will de- 
pend on the temperature, and hence on the sea- 
son as well as on the character of the work de- 
signed. It is clear that, with the substantial steel 
reinforcement of the columns of this building, a 
minimum of time would be sufficient for the col- 
umn forms, but as it was not convenient to re- 
move the latter until the floor forms were also 
ready to come down they were all kept in place 
for at least 19 days. Three entire sets of forms 
for floors and columns were made, so that, while 
concrete was being poured for the uppermost 
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Plan and Sections of Typical Floor Beams and Girders Showing Steel Reinforcement. 


It is obvious that it is essentially impossible 
to retain uniform exterior column dimensions 
throughout the series of floors from the bottom 
to the top of the building, but the most scrupu- 
lous care should be exercised to make these 
changes as few as possible and in such a way as 
to reduce to the utmost extent changes of de- 
tails in the forms. ‘ 

A reference to the plans will show that the 
floor forms between the beams consisted of large 
shallow boxes with truncated corners between the 
sides and the bottom. They were placed bot- 
tom up on stable supports and separated by the 
thickness of the adjoining floor beams at the sides 
and by the thickness of the main floor girders 
at their ends. The bottom of the opening be- 


one of the most essential points in the design of 
these forms, which, in this case, were collapsible 
although perhaps not as freely as might be de- 
sired. When the forms stick to the concrete 
in the process of removal laborers use sledges 
and iron bars, driving the latter between the new 
concrete and the forms and making a fulcrum 
of the former. This results in seriously marring 
what might otherwise have been a highly satis- 
factory concrete surface. The same general ob- 
servations apply to the forms for the columns. 
Whenever the art of reinforced concrete con- 
struction is brought to the high state of excel- 
lence which it must ultimately reach through a 
proper design of _the forms, making their erec- 
tion, support and removal expeditious and free, 


floor being constructed, the two stories imme- 
diately below were still supported by the timber 
forms. The lowermost. set of forms was then 
taken down and placed above the freshly formed 
concrete last put in place. In this manner the 
forms could be left in place long enough to sat- 
isfy the requirements of even the Winter season. 


The concrete work of the building proper was 
begun in the basement in September, 1906, and 
the concrete parapet walls on the roof were car- 
ried on almost uninterruptedly throughout the 
Winter. A few of the coldest and stormiest days 
of the Winter were sufficiently severe to cause 
the work to be suspended for the day. When it 
is remembered that from the latter part of Janu- 
ary until the early part of March the weather 
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was phenomenally severe, it is demonstrated by 
actual experience that reinforced concrete build- 
ing work may be conducted under proper condi- 
tions through a New York Winter without ma- 
terial interruption. 

After the completion of the lower two or three 
stories, when the organized force had become ac- 
customed to the character of the work and the 
sequence of operations required, the average rate 
of progress, including the delays and occasional 
interruptions caused by the Winter weather, was 
about twelve calendar days to a story. 

From the early part of December to the latter 
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In connection with the operation of the sala- 
manders below the fresh concrete, the top of the 
latter, as fast as poured, was always protected 
by a covering of hay or canvas, or both. These 
protective measures were scrupulously enforced 
throughout the winter with entirely satisfactory 
results. Indeed, there was no evidence to be 
found throughout the whole building to show 
that any part of the concrete whatever was af- 
fected injuriously to the slightest extent by the 
frost. During a considerable portion of the 


‘winter a few salamanders were kept burning in 


the second floor below the work in progress. 
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and steel cables ran from them up to the der- 
ricks. 

It was a question at first whether the cost of 
this tower and derricks was justified by the 
amount and character of the work to be done, 
but they were found to be fully justified and 
well adapted to their purpose. It was probably 
as economical and expeditious a method as could 
have been devised for handling the materials 
and serving the work. As the building was car- 
ried up, the work within the limits of the tower 
was completed, with the exception of the points 
where the corner IoxIo-in. sticks pierced the re- 
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Steel Reinforcement of Typical Girders, McGraw Building. 


part of March the window openings of the story 
below the floor in process of construction were 
closed with canvas, behind which, distributed 
over the entire floor, salamanders burning coke 
were constantly kept in operation. These 
salamanders were to some extent conceritrated 
under the freshly poured concrete. By these 
means entirely satisfactory temperatures could 
be maintained, so that the retarding influence of 
the frost on the setting of the concrete was to 
a great extent eliminated, except for the fact that 
occasionally the top surface of the fresh con- 
crete was frozen. The warmest air produced by 
the salamanders would rise to and remain in 
the overhead cellular spaces of the timber floor 
forms and act there with a high degree of effi- 
ciency. 


All the construction work of the building was 
carried on from a high central temporary timber 
tower running from the basement to a height 
of nearly 75 ft. above the roof. This timber 
tower was 31 ft. square and built with roxio-in. 
yellow pine spliced corner posts properly braced. 
Each troxro-in. corner stick carried a derrick 
boom 75 ft. in length. These derricks were first 
placed low down on the tower, and then raised 
from time to time to elevations required by the 
progress of the work. The booms were long 
enough to command the entire area of the work, 
and had a sufficient swing or reach to pick up 
material, including sections of the steel col- 
umns, delivered in the street in front of the 
building, and put it in its proper permanent place. 
The hoisting engines were placed in the basement, 


spective floors where enough free room was left 
for the operating cables. After the concrete 
work was finished the tower. was taken down 
through the succeeding floors of the building, 
and the holes left for the corner posts were filled. 

There was nothing unusual about the char- 
acter of the materials used throughout the build- 
ing. The material and workmanship of all the 
steelwork*were supplied and manufactured under 
Cooper’s Specifications. The Portland cement 
used was the Dragon brand, and it was tested 
and supplied under the standard specifications 
recommended by the Special Committee of the 
American Society of Civil Engineers. The sand, 
broken stone and gravel were supplied by dif- 
ferent parties about the city of New York. Some 
of the broken stone came from the north, down 
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tthe Hudson River, and most of the sand and 
-gravel came from Long Island. Throughout the 
building proper, 34-in. broken stone—trap rock 
and limestone—was used, with the exception of 
considerable quantities of gravel in which no 
pieces had a greater maximum diameter than 
about 34 in. In some of the larger masses of 
the retaining walls and other similar parts of 
the foundation and basement of the building, 
1¥4-in. broken stone was used. 

The proportions of the concrete for the entire 
‘building were: One of cement, two of sand, and 
four of broken stone or gravel by volume. The 
consistency of the concrete was very nearly or 
quite wet enough to be that termed semi-liquid, 
so that it was truly “poured” into all forms for 
‘columns, walls and floors. Such a consistency of 
‘concrete is imperative for reinforced concrete 
‘construction of this class. It enables the con- 
crete to form an intimate and dense matrix 
around the steel reinforcement, and produces a 
most excellent quality of material. While the 
concrete was being poured laborers with long 
thin sticks continually agitated the fresh concrete 
in order to release all air bubbles and insure a 
dense and continuous product and the best pos- 
sible bond with the embedded steel. There was 
mo sensible excess of water in the concrete, but 
“it was practically semi-liquid—too thin even to 
equake. The results throughout the entire work, 
“in this respect, have proved to be in the high- 
vest degree satisfactory. The total quantities of 
othe principal materials used were: Cement, 8,500 
ibbl.; sand, 3,000 cu. yd.; broken stone, 4,300 cu. 
yd.; gravel, 1,066 cu. yd.; steel in angle col- 
umns,°655 tons, latticed; steel in round reinforc- 
ing rods, 507 tons. 


Ornamental Foot Bridge in Bronx Park, 


A handsome foot bridge of rubble masonry 
has been constructed recently in the New York 
Botanical Garden, Bronx Park, New York City. 
It is 110 ft. long from face to face of the abut- 
ments and is made up of three 20-ft. and two 
16-ft. spans, one of the latter being at each end 
of the bridge. The piers have a uniform thick- 
mess of 7 ft. and are 29 ft. wide at the base 
and 27 ft. wide at the level of the springing 
lines, above which level they are curved in grace- 
fully to meet the parapet walls. The arches are 
segments of circles and their thickness is uni- 
formly 2% ft. The parapet walls are 2 ft. thick 
and rise 3 ft. above the top of the foot path at 
the crown points of the arches.. Weep holes are 
provided at each pier and a 6-in. layer of con- 
crete, covered in turn with asphalt waterproofing, 
is laid over the entire upper surface of the arches 
and piers. : 

The bridge is built entirely of material se- 
lected from the old stone fences in the park 
which-are gradually being destroyed. The stones 
forming the parapet walls and the exterior sur- 
faces of the arches and piers were specially 
selected’ and disposed to make the best pos- 
sible appearance. The facing stones of the arches 
are placed radially anad by selecting stones de- 
creasing in length from the haunches to the 
crown, with a keystone at the center, a pleasing 
effect was obtained at little expense. In con- 
structing the arches, to prevent the mortar from 
running down and entirely filling the interstices 
between the soffit stones, the latter were bedded 
in a layer of sand laid on the centering; when 
the centering was removed the sand dropped out 
and the outer surfaces of the stones were free 
from mortar as was desired. The bridge was de- 
signed and built under the direction of the De- 
partment of Parks, Borough of the Bronx, New 
York City, of which Mr. Martin Schenck is chief 
engineer, and Mr. W. P. Hennessy is assistant 
engineer. 
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Gas-Power Central Station of the Duquesne 
Light Co., Pittsburg, Pa. 


A paper read before the American Institute of Elec- 


trical Engineers, Pittsburg Branch, by Norman C, Mac- 


herson, 


Although the territory now supplied by the 
Duquesne Light Co. was already covered by the 
distribution system of another company. there 
seemed to be room for further business for a 
central station securing the advantages of mor= 
uniform regulation and distributing directly from 
the center of gravity of its load, thus obviating 
the first cost, the maintenance, and the losses 
of long transmission lines. Work was begun on 
June 28, 1906, and by October 5 the power sta- 
tion and distribution system were far enough 
completed to start regular 24-hour service. Dur- 
ing the following six months the service in- 
creased so rapidly that the station is now heavily 
loaded and running on an excellent load-factor. 
The service consists of residential and com- 
mercial lighting and power, and these merge into 
a load having an exceptionally long hour evening 
peak and a fairly even day load. The 60-cycle 
generators are wound three phase, star connected, 
and the distribution is partly underground and 
partly overhead to standard 2,200-volt transform- 
ers, which in turn are connected to 110/220-volt 
secondaries. 

The power station. In the choice of site and 
equipment, several factors had to be carefully 
considered. 

a. Proximity to electrical “center of gravity.” 

b. Coal supply for steam or gas plant. 

c. Natural gas supply for gas plant. 

d. Water supply for condensing or cooling 
purposes. 

The power house site chosen—near the junc- 
tion of Penn avenue and the Pennsylvania Rail- 
road—is approximately the center of the system, 
extending as it does about two miles in every 
direction from this point: Although the Penn- 
sylvania Railroad passing the property offered 
excellent fuel facilities, the absence of a natural 
supply of water in the East End practically 
barred a steam plant. The high pressure pipe 
line of the Pittsburz Natural Gas Co., delivering 
24,000,000 cu. ft. of gas daily to the mill district 
of this city, passes within 1,000 ft. of the power 
house site, and this fuel was finally decided upon 
for its availability and cheapness. Should the 
natural gas ever fail or reach a prohibitive price, 
a producer plant will be erected on the company’s 
adjoining property, the coal used being elevated 
from the Pennsylvania Railroad tracks. In this 
case the present engine equipment will be re- 
tained, as it is entirely adapted to either natural 
or producer gas—a good illustration of the 
flexibility of power gas work. In the building 
proper—a sub-station fire-proof structure of 
brick, concrete and steel—the one feature out of 
the ordinary is that the entire building is devoted 
to generating machinery, no boiler or producer 
room being necessary. When complete with four 
units, the station will total about 3.7 sq. ft. per 
rated kilowatt, a low figure for a plant of only 
720 kw. capacity. 

Generating units. Each of the two generating 
units at present installed consists of a 3-cylinder, 
vertical, single-acting gas engine, with cylinders, 
18 in. in diameter by 22 in. stroke, running at 200 
r. p. m., direct connected through a flexible 
spring coupling to a 180-kw., engine-type, 60- 
cyle, alternating-current generator. These units 
are of standard construction and include the very 
best features for obtaining satisfactory parallel 
operation, uniform speed under variable loads, 
continuity of operation, and low operating ex- 
pense. 

Auxiliaries. The auxiliaries include apparatus 
for supplying compressed air for starting the 
engines, 4-volt and 110-volt direct current for 
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ignition purposes, 110-volt direct current for 
exciting the main generators, and water for cool- 
ing the engines. 

Compressed air supply. The compressed air 
supply for starting the engines must be inde- 
pendent of the engines themselves, as it must be 
ready for use when the rest of the station is 
“dead.” For this purpose, a small horizontal, 
single-acting gas engine is used, which is belted 
to a two-stage compressor; for breakdown pur- 
poses, a separate compressor is installed, belted to 
a countershaft which in turn can be driven by 
either of the main engines. The supply of air 
normally needed for starting the engines, is 
stored in two 16-in. cylindrical tanks at 200 |b. 
pressure. In addition, four more of these tanks, 
each controlled by its own valve, have been in- 
stalled, which, as they are not to be drawn from 
except for emergency work, constitute a reserve 
for the engine-driven compressor. The six tanks 
total 102 cu. ft., or over tem times the cylinder 
displacement of one engine. 

Ignition current. For imitial ignition, there 
has been provided one set of primary “dry” bat- 
teries and one set of storage batteries, either of 
which is sufficient to operate the plant for some 
time. For ordinary use, however, a motor-gene- 
rator set has been provided, taking current for its 
motor from r110-volt, direct-current, exciter bus- 
bars,' ‘and delivering from its shunt-wound 
generator, direct currént~of the same voltage. 
This stipplies current to the ignition points which 
are operated in series with suitable resistance 
lamps. The storage batteries, however, are con- 
nected inside the lamps and work directly on the 
ignition points, thus allowing the batteries to 
“float” on the circuit, at all times fully charged 
and ready automatically to furnish the ignition 
current in case of accident to the motor-genera- 
tor. Whenever necessary the 110-volt exciter cir- 
cuit can be thrown directly on the same resistance 
lamps, but this has the drawback of permanently 
grounding the one side of the field winding of the 
alternating-current generators. 

Excitation. The direct-current excitation for 
the main generators is provided by two 110-volt, 
compound-wound dynamos, either of which has 
sufficient capacity for both of the main units. 
These exciters are direct connected to induction 
motors which, in turn, are fed directly from 
either set of main switchboard bus-bars. These 
motor-generator sets are also provided with pul- 
leys for belt connection to a countershaft which, 
in turn, can be run by either of the main engines 
through friction clutches. This clutch and belt 
device is occasionally a decided convenience in 
different ways, but its normal and important use _ 
is only for a few minutes, namely, after an acci- 
dent has deadened the main alternating-current 
switchboard bus-bar. In this case the first main 
generator secures its excitation by means of an 
exciter set driven by its belt; the main generator 
is then switched on the bus-bars and supplies 
current to the induction motor of the other ex- 
citer set. Next, the exciters are paralleled, the 
load transferred to the second exciter, and finally 
the friction clutch driving the first exciter set is 
released. 

Cooling water. The simplest method of cool- 
ing the cylinder jacket is, of course, to use fresh 
water directly from the city mains; this method, 
however, is rather expensive, and a circulating 
system has been installed which permits the use 
of a given quantity of city water over and over 
again until its temperature is too high. For this 
purpose, a two compartment concrete tank has 
been constructed on the roof of the building, pro- 
vided with overflow and risers, connected with 
engines and city water piping. In these roof 
tanks a sufficient amount of surface cooling has 
been obtained to reduce the quantity of water 
required by the plant to about one-half of that 
needed without this circulating system, and this 
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proportion will be still further reduced by a sim- 
ple form of cooling tower now being constructed 
on the roof. For emergency use, it is proposed 
to employ well water, although impurities will 
not permit its steady use. The jackets do not 
work under full pressure head from the tanks, 


about 35 ft, but deliver into a supplementary 
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tank located on the mezzanine floor of the engine 
room, giving about 5 ft. of pressure head on the 
engine jackets. This is sufficient to provide 
solid water at all points and to prevent air 
pockets. From this tank a centrifugal pump, 
driven by a 3 horse-power induction motor, deliv- 
ers this water to the roof tanks. 

Piping. The engine exhausts are carried out 
though the building walls with easy bends, and 
then rise 40 ft. to clear the roof. As water is 
used in the exhausts, these risers are drained 
near the engines. A simple steam exhaust head 
capping each riser completely deadens the ex- 
hausts, thus avoiding the difficulty sometimes ex- 
perienced with gas plants located in residence 
territory. 

The gas is delivered at the power house at 
about 15 lb. pressure, but this is reduced to 8 
ounces before being metered. This pressure is 
further lowered to 2 ounces by the regulators 
furnished with each engine. Ample storage 
capacity in the shape of liberal piping, has been 
provided on both sides of the engine regulators to 
insure a moderately uniform flow of low pres- 
sure gas. 


Parallel operation and regulation. As this is a 
60-cycle, polyphase plant, carrying a mixed load 
of lights and motors, it is apparent that good 
voltage regulation is necessary and that satisfac- 
tory parallel operation is an indispensable 
feature. The very fact that the plant is able to 
give so good a quality of service is proof that the 
parallel operation bugaboo held over the gas en- 
gine for years, has been driven to cover espe- 
cially with direct-connected 60-cycle generators. 
These units are paralleled in precisely the same 
manner as the ordinary steam unit, on an “open- 
ing throttle;’ that is, the new unit is brought 
slowly up to synchronism with the one in service, 
and after the switches are closed, the throttle 
is spun open. There is an important advantage, 
however, over a steam engine of ordinary con- 
struction; namely, that the tension of the gov- 
ernor spring may be easily changed by hand 
while the engine is running, thus changing its 
speed and consequently its load also. As a mat- 
ter of fact; instead of altering the governor 
spring, a pair of springs at the mixing valve 
working against the governor spring is adjusted, 
thus securing the same result. This adjustment, 
consisting simply of a pair of thumb screws, 
gives an opportunity to bring up the load on the 
new unit as slowly or as rapidly as desired, and 
to any point. Thus the fresh unit may be given 
more than its share of the load for a time to 
relieve the temperature of the other; or should 
an igniter on either engine give trouble, the load 
may be dropped to two-thirds rating without 
taking the unit out of service. This adjustment 
is also sometimes used to bring the engine into 
synchronism. The effect of a misfire in one of 
the cylinders is never noticeable on the line, ex- 
cept when the misfire continues for several cycles, 
which is rare. Naturally, it induces some little 
surging between the two machines, owing to the 
temporary disablement of a cylinder, but the 
shock is readily absorbed by the spring coupling 
and does not show the slightest tendency to 
throw the engine out of step. In general, the 
regulation from this plant is fully as good as 
could be expected from any steam plant, and is 
entirely due to the method of controlling the 
quantity of mixture by the governor, which is a 
fundamental feature of the 4-cycle gas engine. 

Ignition. This is one of the most vital points 
in gas engine work and should receive careful 
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attention from both the designing and operating 
engineer. There should be at least two separate 
sources of ignition current continuously avail- 
able, which are provided for here by the small 
110-volt shunt-wound generator and the set of 
4-volt storage batteries, as before described. Only 
one case has occurred where an engine has been 
shut down from the loss of igniter current, and 
this was due to a ground in the conduit between 
igniter switchboard and engine. This occurred in 
spite of the precaution of running all wiring 
through loricated iron conduit. A few spare 
igniters are always kept on hand, and it is only 
a few minutes work to replace a disabled one. If, 
however, these are changed regularly and cleaned, 
as they should be, they give very little trouble. 
On these engines there is a device for changing 
the point of ignition while running. It is very 
necessary in gas engine work that ignition take 
place at the proper point, otherwise inefficient 
combustion shown by a badly distorted card, will 
result. But a good engineer can very readily 
determine whether the ignition is at the right 
point merely by the sound of the explosion. 
Should the gas change in quality for any reason, 
the ignition can be readily adjusted, as well as 
the mixture, in a few seconds, without in the 
least disturbing the running of the engine. 

Starting. One very great advantage of gas 
engine work is the absence of standby losses 
after the engine is shut down, unlike the steam 
plant where there are condensation, radiation, 
and stack losses. The gas engine may stand for 
an hour or a month without incurring any losses 
whatsoever, and yet be in readiness for starting 
within a minute or two of the signal; but a steam 
engine must be warmed up and “turning over,” 
previous to loading. In the Duquesne plant, 
compressed air is used for starting the engines. 
A supply several times greater than that actually 
required is aways kept stored in steel tanks at 
150-lb. pressure. A single air valve confrols 
each engine, and as soon as the air is turned on, 
the engine automatically comes up to speed, 
usually in about 45 seconds, so that the unit may 
be loaded within about one minute from the start, 
or at least two minutes. This is evidently a good 
feature in case of emergency spare units. 

Station Efficiency. A power station is, in one 
sense, only a machine for converting the poten- 
tial heat energy of fuel gas or coal into electrical 
energy. The efficiency of conversion depends al- 
most entirely upon the type of plant. With steam 


- engines, 4 pounds of coal pér kilowatt-hour may 


fairly be assumed to be well above the average 
results obtained in lighting plants of less than 
1,000 h.-p. capacity. Now 4 lbs. of bituminous 
coal of 14,000 B. t. u. per lb. (equal to 53.3 cu. ft. 
of natural gas of 1,050 B. t. u. per cu. ft.), is 
equivalent to a heat consumption of 56,000 B. t. u. 
per kilowatt-hour at the switchboard, or an abso- 
lute thermal efficiency (1 h. p.—2,545 B. t. u.) of 
6.1 per cent. between the coal pile and switch- 
board. 

Curves were prepared to show the fuel con- 
sumption of the Duquesne Light Company’s en- 
gines, and display the total hourly gas per engine, 
the gas per kilowatt-hour and the absolute ther- 
mal efficiency from gas to electricity. The “total 
gas” curve, from which the others were cal- 
culated; was determined by reducing the actual 
station records to the equivalent performance of 
a single engine, and was checked up by a number 
of readings taken at various loads. We will 
tabulate for illustration, the values for two dif- 
ferent engine load-factors; ‘namely, 40 and 
80 per cent. These are extreme limits—a 
plant requiring five engines to carry its peak load 
should be able to operate at an average engine 
load-factor of 80 per cent. and a plant requiring 
two engines for its peak load would probably run 
with an average engine load-factor of 40 per cent. 

Summarizing the tabulation, we find that nat- 
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ural gas of 1,050 B. t. u. per cu. ft. will give a 
kilowatt-hour on 21.2 cu. ft., with an average en- 
gine load-factor of 40 per cent.; if the engines 
can be run on an average load-factor of 80 per 
cent., the gas required will be only 15.2 cu. ft. per 
kilowatt-hour. These values can be reduced, for 
sake of illustration, to equivalent pounds of coal 
having 14,000 B. t. u. per pound; namely, 1.7 and 
1.23 lb. per kilowatt-hour, respectively. If it is 
desired to compare these results with steam data 
expressed in terms of indicated horsepower these 
values will be approximately 0.96 and 0.78 Ib., re- 
spectively. 


Equivalent 
f Absolute coal 
Engine efficiency of —B.t.u. basis~ 
load- Cu. ft. gas B.t.u. unit (gas to Lb. per Lb. per 


factor. per kw-hr. per kw. hr. electricity). kw-hr. i-h.p.-hr. 


40% 21.2 22,200 15.35% 1.7 0.96 
80% 15.2 16,000 21.4790 1.23 0.78 


The comparison of the fuel consumption of the 
steam station described above, (operating on an 
equivalent of 53.3 cu. ft. of natural gas per kilo- 
watt-hour) with the gas rate of a gas engine sta- 
tion which lies somewhere between the limits of 
21.2 and 15.2 cu. ft. is a striking illustration of 
the great fuel economy of the gas engine, and is, 
in itself, a measure of the relative thermal effi- 
ciencies of the two methods of developing power 
from natural gas. 

Cost of Power. All the various items entering 
into the cost of power are, at present, difficult to 
obtain in segregated form, but have been esti- 
mated as closely as possible from two different 
prices of gas. 


-——25c. Gas——,__ 15¢. Gas. 
Cents Cents 
% of total. per kw-hr. per kw-hr. 
OU aS i rei peptalsleyacusisenis 47. «440 -264 
WAGES" Ta Nake uaeveoteas ane 28.3 .260 -260 
Supplies— 

OwWwaste! secincsekIg 
Whateriiiivecictyeues 9.0 

: 20.3 +187 +187 

RREPatrs ita ie alcialetaue osaretare 3.8 .026 .026 

PL OUales ceniateta)s\etels ras ies 100. -913 +737 


This estimate, based upon the present load-fac- 
tor and the complete plant, shows a total operat- 
ing cost well under 1c. per kilowatt-hour for the 
highest priced gas, end 0.75¢. for the lowest. 

In the near future, this will be somewhat 
lowered by a reduction in the cost of water due 
to the cooling system mentioned above. Such a 
low cost shows the possibility of developing a 
large daylight power load, which feature ap- 
peals strongly to electric light managers. 

It is difficult to compare these fuel costs per 
kilowatt-hour with those of ordinary steam 
plants, as so much depends upon the character of 
their service and apparatus, but a large number 
of electric light plants under 1,000 horsepower 
will have a fuel consumption varying between 
4 lb. and 8 lb. of coal. It is also fair to assume 
that their expenses, outside of the fuel item, will 
not differ materially from those given above (in 
a great many cases their wage item will ma- 
terially exceed 0.26 per kilowatt-hour). 

On this basis, then, natural gas at 25 cents per 
1,000 cu. ft. is competitive with coal at $2.20 
per ton, on a consumption of 4 lb. per kilowatt- 
hour, also with $1.10 coal, on the basis of 8 lb. 
per kilowatt-hour. Similarly, 15c. gas is com- 
petitive with coal at $1.32 per ton with a coal 
consumption of 4 lbs. per kilowatt-hour and with 
coal at 66c. a ton on a consumption of 8 Ib. per 
kilowatt-hour. 

Conclusion. It is well to keep clearly in mind 
that a gas power station can utilize to better ad- 
vantage a larger number of generating units than 
can a steam station. The reason for this is that 
the gas engines are practically as efficient in small 
as in large sizes, and that the cost per kilowatt, 
and floor space occupied per kilowatt of rating, 
is likewise nearly uniform. Consequently, it is 
better to split up the station capacity as much 
as possible, thereby enabling the operator to fit 
his units into the load curve and obtain a better 
efficiency for the station. The available space 
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power will also be better distributed, and this 
multiplicity of units more readily -provides for 
the possibility of losing an igniter. With one unit 
running, the disablement of one cylinder amounts 
to 33 per cent. of the rated capacity; with two 
units running this deficiency amounts to 16.6 per 
cent.; with three units, the deficiency is reduced 
to a little over 11 per cent. of the total capacity 
in operation. With four units running, the defi- 
ciency is but 8 per cent., which can be readily 
taken care of by the overload capacity of the 
remaining cylinders. 

General experience with the Duquesne Light 
Company’s plant thus far indicates that good ser- 
vice, combined with low operating costs, may be 
expected if proper attention is given to keeping 
the equipment -in good working order. It is true 
that inexperienced or careless men cannot get the 
best results from a gas equipment, but with an 
experienced, active engineer in charge, the equip- 
ment is as trustworthy as a steam plant. 

Mr. J. R. Bibbins contributed the following dis- 
cussion of the paper: 

One of the most important is the question of 
relative spare capacity. In planning a new sta- 
tion, this question arises right at the outset after 
the problematical load curve has been determined 
upon—how many, and what size of units will 
be installed. Although one or two units yield the 
simplest form of plant, when one considers the 
average running efficiency the unit will give un- 
der the given load-factor it is a different matter. 

In a recent study of this point, a 1,000-kilowatt 
maximum load curve was assumed with 1, 2, 3, 4 
and 5 service units and a single spare unit. By 
“blocking in” the engine curves corresponding 
to the actual capacity in service at a given time, 
the average load on the engine was obtained in 
per cent. of its rating, this being obtained by in- 
tegrating both load and engine curves. Thus the 
relative heat consumption under average running 
conditions was obtained. For this particular load 
curve the first three unit combinations worked 
out best in horizontal units, the last two in ver- 
tical. For five units this condition works out to 
an average heat consumption of less than one- 
half that required by a single unit; in other 
words, an efficiency of twice as great. As to the 
cost of spare capacity for the single-unit plant, 
we must provide a spare unit equal to the running 
capacity—100 per cent., two units, 50 per cent. 
etc., down to 20 per cent. for five units. 

It may be contended that the relative heat con- 
sumption and the cost of spare capacity are only 
small factors in the final solution of the problem, 
but this is not the case. The modern gas engine 
requires, in the larger sizes, a type of construction 
which does not permit of very great reduction 
in cost over smaller sizes which embody the ver- 
tical self-contained construction. It thus develops 
that the price of a large gas-engine unit is very 
little lower than that of a medium-sized unit. 
Again, we find that the heat efficiency of the large 
unit is but very little higher than that of th+ 
smaller sizes, due largely to the inherent proper- 
ties of the combustion cycle rather than to any 
precise refinement in design or construction which 
so clearly disclose the character of steam engine 
construction. Analyzing the labor cost in the 
station, we find that with the compact, self-con- 
tained, vertical unit, this item is very nearly the 
same as for equivalent horizontal capacity. Thus 
the problem practically reduces itself to that of 
relative operating efficiency and investment in 
spare units with the result above noted. 

On the question of spare units we may assume 
as a possible contingency that an igniter will 
give trouble at some time. This throws a certain 
part of the engine out of service, but does not 
necessarily disable it. With one unit running, the 
loss of an igniter would cause 25 per cent. loss 
of power, and with five units, 6.6 per cent., but 
on the standard overload ratings each engine 
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cylinder is capable of delivering 10 per cent. over- 


load continuously. This overload capacity thus 


comes to the rescue of the disabled igniter. With 
two running units in the plant, we will barely 
be able to carry full load; with three units the 
extra capacity will tide us over; with five units 
the plant will develop 2.7 per cent. in excess of 
the rating in spite of the disabled igniter. 

An overload capacity of 10 per cent. seems 
small compared with the similar capacity of a 
steam engine or steam turbine unit. While a 
steam unit gives its best economy at full load or 
under, the economy of the gas engine increases 
up to the maximum load, which makes it desir- 
able to rate the engines and operate them as 
close to maximum as is permissible, and while the 
gas engine has a decided advantage for steady 
central station service, it is somewhat at a disad- 


*Tower of 100,000-Volt Transmission Line. 


vantage on rapidly fluctuating loads. This, how- 
every, may be overcome by the use of a storage 
battery. A system has recently been devised by 
which the generator load may be held practically 
constant while the e tire fluctuating load may be 
taken up by the battery. This is accomplished by 
a load regulator, a simple instrument of the re- 
lay type, installed on the switchboard and operat- 
ing in connection with the booster. In a recent 
test with this system, the external load was in- 
stantly varied through a range equivalent to 300 
per cent. of the generator capacity, yet these 
variations were entirely absorbed by the battery, 
and the generator kept within a few per cent. oi 
its rating, irrespective of the suddenness or the 
violence of the fluctuations. This instrument is 
particularly useful in gas engine work as it per- 
mits full loading of the unit with impunity 
whereas it m‘ght be necessary to reduce the 
average loading to one-third of the rating in order 
to take care of the fluctuations. 


DENATURED ALCOHOL to the amount of 1,744,272 
gal. was produced in the United States during 
the first six months of this year. The free alcohol 
law took effect Jan. I, 1907. 


VOR. 50; 200. alge 


Three Low-Head Hydro-Electric Develop- 
ments in Michigan.—Part II. 


Big Rapids Dam Development—The Big 
Rapids development, 18 miles up the river from 
Croton, is at a point where the river valley is 
800 ft. wide and 40 to 50 ft. deep. The dam ren- 
ders available a head of 40 ft., which is utilized 
by equipment having a total capacity of 6,000 
h.-p. The dam consists of an earth embankment, 
with a concrete waste-gate section built in it, 
toward one end, and a power house also built 
in it across the original channel of the river, 
which was at one side of the valley. The whole 
site is underlaid by hardpan that is covered with 
coarse sand and gravel. At the power house, 
in the channel of the river, this overlying sand 
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and gravel was 20 to 50 ft. deep, but graded off 
in depth toward both sides of the valley, the 
flood-gate section being built directly on the hard- 
pan. A continuous line of steel sheet piling, ex- 
tending entirely across the valley under the site 
of the dam, was driven into the hardpan far 
enough to form a complete cut-off wall in the 
sand and gravel, and is carried into the sides 
of the valley to prevent leakage around the ends 
of it. The embankment contains a 10-in. rein- 
forced-concrete core wall, built on this row of 
steel piling; the latter is also at the upstream 
limits of the concrete in the gate section and 
the power house. Some of this steel piling was 
driven to a depth of as much as 56 it. the long 
pieces being spliced. The core wall, like the one 
in the embankment of the Croton dam, is lo- 
cated so its top is at the intersection of the sur- 
face of the water in the pond and the slope of 
the embankment. The power house is carried 
entirely by wooden piles driven down to the hard- 
pan. The substructure of the power house is 
also enclosed on all four sides by sheet piling, 
driven to the hardpan, the row of steel piling 
forming the upstream side of this enclosure and 
wooden sheet piling the other three sides. The 
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wooden piling consists of 6 x 8-in. and 7 x 9-in. 
tongue and grooved timbers, in 12 to 26-ft. 
lengths. 

The embankments of the dam were made by 
teams and scrapers, most of the material being 
obtained from a borrow pit on the power house 
side of the valley. This material is largely all 
sand and gravel similar to that used in the Cro- 
ton dam. The embankments have slopes of a 2 
to 1 on the downstream side and of 3 to I or 
flatter on the upstream side. 

Waste-Gate Section—The waste-gate section, 
with a total width of 150 ft., is arranged practi- 
cally the same as the waste-gate section of the 
Croton dam. It contains six Tainter gates, each 
20 ft. wide and 12 ft. high, three of which are 
on each side of a log sluice, 6 ft. wide. These 
gates are raised and lowered by motor-driven 
hoisting crabs, the same as those described in 
connection with the Croton development. The 
spillway on which the gates seat when closed is 
a hollow reinforced-concrete dam, of the same 
general design as the one at Croton, the water 
falling from it into a tumble bay formed by an 
overflow weir, 69.5 ft. downstream from the 


gates. This tumble bay is divided into two parts 
by the walls forming the sides of the log sluice. 
Each of these parts is arranged with outlets so 
it can be drained when the three gates dis- 
charging into it are closed. The retaining walls 


on both sides of the waste-gate section are ex- . 


tended downstream for 240 ft. from the gates, 


forming a waste-way channel, 180 ft. wide. A . 


second row of steel sheet piling is placed across 
this channel just below the tumble bay, and 
for 50 ft. from the latter the bottom of the 
channel is protected by rock-filled timber cribs, 
with the filling in these cribs grouted. The bot- 
tom of the remainder of the channel enclosed by 
the retaining walls is protected by a concrete 
lining. 

Power House—The concrete substructure of 
the power house is 50 x 95 ft. in plan, with its 
center line normal to the axis of the dam, and 
has concrete wing walls extending up and down- 
stream from both ends of it. The power house 
proper is a brick structure 4o x 50 ft. in plan on 
the downstream end of this substructure. It con- 
tains two 3-phase 30-cycle 6,600-volt revolving 
field Westinghouse generators, each direct-con- 
nected to two pairs of 45-in. horizontal center- 
discharge Samson turbines in one of two open 
steel-plate penstocks of the Rickey type, which 
are erected over! the upstream end of the sub- 
structure. The units operate at 225 r. p. m., each 
generator being capable of developing the full 
3,000-h.-p. capacity of the four turbines which 
drive it. A 30-kw. direct-current motor, direct- 
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connected to the shaft of the main unit, fur- 
nishes excitation current for each generator. A 
Tirrill regulator is provided to control the volt- 
age of each generator. The operation of each 
set of two pairs of turbines is controlled by a 
Type N Lombard governor, belted to the main 
shaft of the unit. 

The 6,600-volt current delivered by the gener- 
ator is stepped up to 72,000 volts for transmis- 
sion to Muskegon and Grand Rapids by three 
oil-insulated water-cooled transformers in a sep- 
arate 28 x 40-ft. fireproof building on the side 
of the valley, about 50 ft. from the power house. 
The busbars in this building are in separate 
fireproof compartments and all connections to 
them are provided with special hand-operated 
oil switches, in fireproof cells. 

When the development was completed the tur- 
bine plant was tested in place under the super- 
vision of Professor Gardner S. Williams, of the 
University of Michigan. The power output of 
the generators was measured electrically, while 
the water was measured over a 112-ft. steel-crest 
weir, according to Francis’ directions and form- 
ula. The testing of the electric equipment was 


Two Views of the Big Rapids Development. 


in charge of the Electrical Testing Laboratories 
of New York. The results obtained agreed es- 
sentially with the turbine makers guarantees. 

Inclined racks placed across the open up- 
stream end of each of the penstocks intercept 
such floating debris that passes under 2 log 
boom in the pond which is arranged to direct 
the debris through the log sluice in the waste- 
gate section. These racks consist of %4 x 3-in. 
bars bolted together in sections and carried by 
a frame of structural steel shapes. Stop-log 
grooves are also provided in the sides ef the 
penstocks, in front of the racks, so the openings 
may either one be closed. These stop-logs are 
handled by one of the hoisting crabs used in 
operating the Tainter gates, the track for the 
crabs being extended from the waste-gate section 
into the house over the penstocks. This house 
is a frame building with sheet iron sides and roof, 
which is provided to protect the men clearing 
the racks, or working on the stop-logs. 

A draft tube for each pair of turbines is formed 
in the concrete base of the substructure, the 
two draft tubes of each two pair of turbines dis- 
charging into one of the two parts in which the 
tail race is divided by a longitudinal wall under 
the building. The draft tubes are lined with steel 
plates and are designed to deliver the water to 
the tail race quietly. The bottom of the tail 
race is protected by a concrete apron that extends 
20 ft. downstream from the substructure, a row 
of wooden sheet piling being driven under the 
end of this apron and connected with the rows 
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of piling which were along the sides of the latter. 

Construction of Big Rapids Dam—The Big 
Rapids dam was also built on force account by 
the Grand Rapids-Muskegon Power Co. under 
the direction of the same engineers mentioned 
in connection with the Croton project, except 
that Mr. N. F. Johnson was superintendent in 
charge. The construction plant was assembled 
during the winter of 1904-05, and active work 
was begun March 1, 1905, the generators being 
placed in operation on March 15, 1907. The 
construction plant was essentially similar to that 
used at the Croton dam, except that it was all 
steam-driven; the construction methods employed 
were also very similar to those followed on that 
work. The river was allowed to follow its chan- 
nel until the work had been carried up to it on 
both sides, when it was diverted through tem- 
porary openings in the waste-gate section until 
the power house was finished. The water was 
then turned through the penstock and the tem- 
porary openings in the waste-gate section were 
closed. 

This dam required 18,000 cu. yd. of concrete, 
in which natural bank gravel, obtained imme- 


diately at the site, was used. The plant for 
handling the gravel and concrete was very sim- 
ilar to the one at Croton which has been de- 
scribed, the gravel being delivered in scrapers 
directly from the pit to charging hoppers at the 
mixing plant. The cement used in the concrete 
was shipped in cloth sacks in January and Feb- 
ruary and was hauled 1% miles from the railroad 
in sleighs on the snow. It was stored in 40 x 
9o-ft. sheds, with a one-third pitch batten roof, 
covered with tar paper, in the usual manner of 
lumber camp construction. The floor of this 
shed consisted of two courses of 6-in. poles, laid 
on the ground, the second course being at right 
angles to the first. These poles were covered 
with about one foot of loose straw, on which 
was placed a single layer of tarred roofing felt; 
the sacks were then piled five high on end on 
this felt. No cement was lost by caking, and in 
fact, the only cement that showed effects of damp- 
ness was that on top, which gathered some mois- 
ture from the air, and caked in places to a depth 
of about % in. If tarred paper had been put 
over the tops of the sacks, it is believed that 
even this small amount of caking would probably 
not have occurred. 

Transmission Lines—When the Big Rapids 
development was made a transmission line, 
carried by poles, was built from the dam to a 
switch station at Casnovia, 33 miles from the 
dam; one branch of the line was extended from 
this station to Grand Rapids, 21 miles, and a 
second branch to Muskegon, 25 miles. This 
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line passes close to the Croton development, the 
generating equipment of which is connected with 
it. The line has been operated satisfactorily. at 
66,000 volts and will be operated at 72,000 volts 
in the future. Power is delivered to three -sub- 
stations, one in Muskegon, one near Grand Rapids 
and one in that city. 

Michigan and Idaho cedar and Southern 
cypress poles, 45 to 60 ft. long and placed 40 to 
the mile, carry the three conductors of the trans- 
mission line, which are No. 2 solid copper wire. 
These wires are carried by Locke insulators, 14 
in. in diameter and 18 in. high, at the corners 
of a 72-in. triangle. These insulators are mount- 
ed on two cross arms carried by the poles, 
wooden pins being used on straight-line work, 
and iron pins at angles; all pins are 18 in. long 
and are 2 in. in diameter at the shoulder. A No. 
6 iron wire, grounded at every fifth pole for 
lightning protection, is carried by the upper cross 
arm on the poles. : 

A second transmission line, 35 miles long, is 
being built from Croton directly to a sub-station 
in Grand Rapids and will be operated at 100,000 
volts. This line will be entirely distinct and 
separate from the original one, so a duplicate 
line between Croton and Grand Rapids will be 
provided when it is completed. Interruptions 
to the transmission system between these two 
points, due to the local thunderstorms, which 
occur in this section, will thus be avoided largely, 
since a disturbance affecting one line would very 
probably not affect the other. 

The new line is carried by triangular steel 
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ground. A strain insulator, consisting of disks 
with grooved flanges, the mechanical and electri- 
cal features of which are essentially the same 
as in the umbrella-shape sections, is used at turns 
and at various intervals to support and anchor 
the line on curves and in similar places. 

The angles to which the legs of the towers are 
anchored were encased in concrete at the mixing 
plant at Croton, and were distributed along the 
line by railroad shipments and in wagons, after 
the concrete had set, each complete anchor weigh- 
ing about 275 lb. A set of removable forms, 
built for casting the concrete around the angles, 
proved very satisfactory. The cross section of 
this enclosing concrete is an ellipse with 4% and 
6-in. axes. One 3-in. 4-lb, channel and several 


short reinforcing rods, fastened horizontally near 
the bottom of each main angle as anchors, are 
also enclosed in a disk of concrete, 5 in. thick 
and 1.5 ft. in diameter, which is cast with the 
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ments and of the transmission lines extending 
to the cities served by them are shown in an 
accompanying map. All of the developments 
supply power for public service systems in Lans- 
ing, Jackson, Battle Creek, Kalamazoo and Alle- 
gan and intermediate towns. Interurban electric 
railways extending from Jackson to Kalamazoo, 
Jackson to Lansing, Lansing to St. Johns, the 
local street car lines in Jackson and Lansing, 
and that part of the Detroit United-Rys., from 
Jackson to Ann Arbor, are also supplied with 
power from the generating stations of this com- 
pany. : ; 

The Lyons development is a few miles above 
the low flat stretch of the river which extends 
from Ionia to Lake Michigan.. The catchment 
area of 1,750 square miles above the development 
is largely clay soil; hence, severe floods occur, 
while during periods of drought, the minimum 
flow drops to about 200 cu. ft. per second. The 


General View of the Lyons Development from the Downstream Side. 
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Map Showing Plants and Transmission Lines of the Commonwealth Power Co. 
towers, 40 to 60 ft. in height, which were built column enclosing the main upright angle. The 


by the Aermotor Co. These towers are placed 
about 500 ft. apart, and have each leg anchored 
to a 4-in. steel angle, 7 ft. 10 in. long, buried in 
ground. The angles are incased in concrete to 
prevent the corrosion that would probably take 
place rapidly in the porous sandy soil. These 
angles are each extended about 10 in. below the 
bottom of the concrete in which they are encased, 
to provide a ground for the transmission line. 
The three conductors are equivalent to No. 2 
wire, being stranded copper wire with a hemp 
center. They are carried by suspension insula- 
tors on cantilever arms at the top of the tower. 
These insulators each consist of five umbrella- 
shape porcelain sections, Ia in. in diameter, hay- 
ing two interlinked semi-circular holes, through 
which tie wires that attach the sections together 
are passed. These holes are so arranged that 
the tie wires which pass through them exert a 
compression strain on the porcelain. In case a 
section breaks, the tie wires remain intermeshed, 
and as the sections are in series, and have a fac- 
tor of safety, the remaining sections prevent a 


form for the concrete columns consists of No. 
16 black sheet iron bent to the shape of the 
column, and divided on the long axis of the 
cross-section of the column into two parts; these 
parts overlap at the joints and are held to- 
gether by four hinged clamps of 4 x %-in. band 
iron. The form for the disk of concrete at 
the base is also made of No. 16 black iron, and 
has a collar at the center which slips into the 
column form to a tight fit. These forms are 
set up in groups, with the base down, on a plat- 
form close to the mixer so they can be filled 
with concrete readily. This work is thus handled 
quite economically, while it would practically be 
impossible to make provisions for mixing the 
concrete and placing it around the anchors at 
each tower. 

The Lyons Development—The Commonwealth 
Power Co. of Jackson, Mich., by which the de- 
velopment on the Grand River near Lyons was 
recently completed, also owns and operates six 
hydro-electric developments on the Kalamazoo 
River. The location of these various develop- 


dam develops a head of 26 ft., and is built entirely 
of reinforced concrete, excepting a short embank- 
ment at both ends. In order to provide a pas- 
sage for flood water, without materially raising 
the surface of the 1,775-acre pond, ten steel 
Tainter gates, each 20 ft. wide and 13 ft. high, 
are provided in a waste-gate section at one end 
of the dam. Five of these gates are on each 
side of a sluiceway opening, 60 ft. wide, in which 
a movable crest, or bear-trap dam of that width 
is operated. The arrangement and design of the 
Tainter gates are the same as for those of the 
Croton development. These gates are also raised 
and lowered by worm-geared, hand or motor- 
operated portable hoists of the same type as those 


' used at Croton. 


The details of the design’ and construction of 
the 60-ft. movable-crest dam in this waste-gate 
section are similar to those of the movable-crest 
dam at Croton. The Lyons dam has a movable 
leaf, 8 ft. wide and 60 ft. long, which turns on 
a shaft in a hinge along its upstream edge, thus 
permitting the downstream edge to be raised and 
lowered through a vertical travel of 5 ft. The 
leaf is counterbalanced by two 20,000-lb. weights, 
one of which is placed in a compartment in the 
dam beyond each end of the movable crest. The 
leaf is raised and lowered by two series of worm 
and spur gears, each driven by a 10-h.-p. motor 
and operating in connection with the counter- 
weights. 

A built-up steel girder, 42 in. high, extends 
the full length of the 8-ft. leaf, and is suspended 
from the front edge of the latter by hinged joints. 
These joints permit the girder to remain in a 
vertical plane at any position of the leaf, the 
verticality being maintained by a parallel-motion 
arrangement. When the leaf is at its lowest po- 
sition with its upper surface horizontal, its weight 
and the load on it are carried by the girder, 
the latter resting on the bottom of the depres- 
sion in which the movable crest is set. When 
the front edge of the leaf is raised to the full 
height of its travel, it is also carried by the 
girder, which is blocked up on jack screws set on 
steel posts projecting above the bottom of the 
depression under the crest. 

The 60-ft. opening controlled by the movable 
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atest is spanned by a two-leaf trunnion foot- handled in 4-yd. dump cars which were hauled dam by means of a motor-driven hoist. Motor- 
bridge. Each of the leaves of this bridge can out of the pit on an incline leading through the driven hoists were also used on the derricks, 
be turned sufficiently on a trunnion, on the guyed The concrete mixing plant at this dam was lo- 


steel tower that carries it, so the 60-ft. opening cated at the land end of the waste-gate section, 
is practically unobstructed when the two are open. 


The leaves are raised by cables on hand-operated 
worm winches. 


TABLE 2. Cost oF PLactnG MaTERIAL IN EMBANKMENT 
Section or Lyons Dam. 
Labor and Coal Cost. 


Power House.—The power house adjoins one Setting pumping plant, labor on house for 


5 A : SAME.) MIACIN SE PIPSy | CECI eicie vis edie ob e.sleie oo e: $531.38 
end of the waste-gate section and is L-shape in Labor at power house... ..:.eseecesereceners 577-20 
" i GAD OEFE TED UMIpUOUSE wivaiticrieiye ake itve eeleaie cl aieves 486.60 
plan. The construction and arrangement of the Sluicing labor, building flumes and trestle.... 3,117.50 
[.yons power house is very much the same as in Gren LOtsMOn COal ets deuwo tices view ae neste sels 1,687.50 
the case of the power house at Croton. The $6,400.18 
long axis of the power house proper is normal 
- Earth moved from pit, 23,400 cu. yd., = $0.273 per 


to the axis of the dam, with a row of four pen- cu. yd. for labor and coal. 


Cost of Sluicing Plant at Lyons Dam. 


2 6-in. rotary fire pumps, neW..........008 1 ¢ 

I 5-in. rotary fire pump, second-hand....... § $1,300.00 
DESPRE CRIUGS w LOOUR Is CLCi.ele seis die viaueid.s ele stvisis 1,200.00 
Peri Dem AMA! SULA TUCS sos isierefel« lsea elaslays acide «istered 500.00 
ROLE PEE SUMOOSTIs afd cisic sap isiebianecaoies clatweieielaye'e cre's $3,000.00 
Less: salvage, on sale of plant............0.- 1,800.00 
Cost to be charged to this work...........+++ $1,200.00 


$1,200 divided by 23,400 = $0.0513, cost of plant per 
cubic yard of earth moved. 


Labor cost per cubic yard of earth moved.... $0.273 
Plant cost per cubic yard of earth moved.... $0.0513 
Total cost per cubic yard of earth moved....  $0.3243 


Ran 45 24-hr. days, Dec. 5, 1906, to Feb. 20, 1907. 


and was quite similar to the one used in con- 
structing the dam at Croton; the methods for 
handling concrete from this plant to various 
parts of the work were also the same as used in 
building that dam. 

The power house proper was built on the 
edge of the river channel, the waste-gate section 
extending across the flats to the low bluff of 
geen? the river back of it; and the penstocks, Ioo ft. 
Oe Siuee out into the original channel of the river, on the 
other side. Beyond the penstocks an earth em- 
bankment, about 150 ft. long, extends to. the 
high clay bluff that forms the river bank on that 
side. This embankment contains some 23,000 
cu. yd. of material that was placed during De- 
cember, 1906, and January, 1907, with a hy- 
draulic sluicing plant. 

Hydraulic Sluicing at Lyons Dam.—The oper- 
ation of a hydraulic sluicing plant for making 
an embankment during the winter months in 
this climate was contemplated with much anxiety. 
As suitable filling material was difficult to ob- 
tain otherwise, without a long haul, and as the 
General Arrangement of Movable Crest Dam at Lyons. pumps required were on hand, the plant was set 


stocks forming the stem of the ell. It contains 
a single 3-phase 30-cycle 6,600-volt revolving- 
field 2,500-kw. General Electric generator, direct- 
connected to four pairs of 50-in. center-discharge 
Samson turbines in the penstocks by a shaft 138 
ft. long, that is normal to the direction of flow 
through the dam.. The whole arrangement of 
this equipment, including most of the details, is 
very similar to that of the equipment in the 
power house at Croton. 

Construction of Lyons Development—tThe con- 
struction of the dam at Lyons was started in 
March, 1906, and the equipment was placed in 

service in March, 1907. The foundation through- 
out is a hard clay at a depth of from 6 to 15 
ft. below the surface of the river, so no piles 
or sheet piling was used under the dam, although 
some of the wing walls at the ends of the dam, 
and the dividing wall between the tail race and 
the waste-way channel from the Tainter gates 
are on piling. 

Power for all of the construction plant used 
at the Lyons dam, except’one steam shovel, was 
furnished by a 500-volt direct-current generator 
supplied with steam from a 200-h.-p. plant. Coal 
for this plant was hauled three miles from the 
cars by teams. The steam shovel was used in 
making the excavation required to provide a 
waste-way channel for the flood-gate section. 

The material removed from this excavation was A Close View of the Movable Crest Dam at Lyons. 


i Slane sar, 
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up and started late in November, 1906. The 
bank ‘of the river from which the material for 


the embankment was obtained is a clay bluff, . 


about 7o ft. high, capped with about 1o ft. of sand 
and gravel. The clay was so tough and compact 
as to be very expensive to handle by ordinary 
sluicing means, so the fill was made almost en- 
tirely from the sand and gravel overlying it. 
As the bluff did not have a very steep slope, 
several expensive trestles were necessary to carry 
the flumes in which the material was handled 
from the face of the excavation to the fill, These 
trestles and the difficulties from ice made the 
cost of the fill much above that usual for such 
work, when more favorably situated and car- 
ried on in warmer. weather. The sluicing plant 
was stopped when the temperature approached 
zero, with the result that when it was started 
again the face of the bluff, being saturated with 
water, had frozen to a depth of several feet 
meanwhile and had to be blasted. Even at the 
cost of 33 cents per cubic yard for the material 
moved out of the sluicing pit and deposited in 
the embankment under these most unfavorable 
conditions, as shown in Table 2, it is to be doubt- 
ed whether any other method of moving ma- 
terial into the fill would have been less expensive. 
At any rate, the sluicing plant was certainly a 
valuable aid in making a fill so the river could 
be quickly closed, and also at times of flood 
during the two months it was in intermittent 
operation, in raising the cofferdams used in the 
construction of the penstocks. 

The general offices of the Grand Rapids-Mus- 
kegon Power Co. are at Grand Rapids, Mich. 
Mr. W. G. Fargo is hydraulic engineer for the 
company and was supervising engineer during 
the construction of the Big Rapids and Croton 
developments. Mr. J. B. Foote is electrical engi- 
neer for the company and Mr. Anthony J. Bemis 
was manager during 1905 and 1906. Mr. J. B. 
Foote is general superintendent of the Common- 
wealth Power Co., which has its general offices 
at Jackson, Mich. Mr. W. G. Fargo was con- 
sulting hydraulic and supervising engineer to the 
company during the design and construction of 
the development at Lyons. 


The Benguella Railway, Africa. 


The Bengtella Ry. is one of the most inter- 
esting undertakings of its sort now under con- 
struction in Africa. It starts from Lobito Bay 
in Portuguese Angola and follows the coast to 
Benguella, whence it runs inland to Katanga in 
Belgian Congo. The total length is about 800 
miles; 50 miles are in operation, 200 miles under 
construction, and surveys and plans are com- 
pleted for another 250 miles. Lobito Bay has an 
excellent harbor which is now being improved 
so that the large steamers of the Union Castle, 
Elder, Dempster and other lines can be accom- 
modated. Katanga is the center of a remark- 
able mineral district. About 8,000 men are now 
employed on construction, and it is expected 
that 4,000 more will be engaged very soon. At 
one point on the line it is necessary to use a 
tack railway for about 114 miles, and there is 
some rocky country where heavy earthwork is 
necessary. These are about all the difficulties 
encountered except one very dry territory, where 
it has been found advisable to use camels for 
transport during construction. The work is be- 
ing done by Griffiths & Co., with Sir Douglas 
Fox & Partners and Sir Charles Metcalfe as con- 
sulting engineers. 


Tue Torat Propucrion or Coar throughout 
the world in 1906 has been estimated at 1,106,- 
479,000 short tons, of which the United States 
produced 414,157,000 tons. In 1906 the United 
States produced 43.7 per cent. more coal than 
Great Britain and 85 per cent. more than Ger- 
many. 
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Heating and Ventilating the Commercial 
National Bank Building, Chicago—Part I. 


The new Commercial National Bank build- 


ing is an eighteen-story steel frame office 
building that has recently been completed 
on the northeast corner of Adams and 


Clark Sts. Chicago, lll. fronting 181 ft. on 
Adams St., and 190 ft. on Clark St. It is a 
structure of large size, with a basement and sub- 
basement and rises 300 ft. above the level of the 
sidewalk. Its exterior has been treated in gran- 
ite and terra cotta throughout, while the interior 
is elegantly finished in mahogany and white mar- 
ble. The structure is supported on caisson foun- 
dations, of which there are 82, ranging from 6 ft. 
in diameter to 10% ft., that extend down about 
110 ft. to bed rock. The greater part of the sec- 
ond and third stories and the basement are de- 
voted to the needs of the Commercial National 
Bank, while the upper floors from the fourth to 
the eighteenth inclusive, are devoted to rented 
offices. A feature of the interior arrangement is 
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additional head-room to accommodate overhead 
piping and to facilitate the handling of the ma- 
chinery. The remaining portions of the sub- 
basement are devoted to the hydraulic elevator 
equipment, ventilating apparatus, other auxiliary 
machinery, a machine shop and storeroom and 
locker rooms for the employees of the building, 
while on the basement level there is, in addition 
to the boiler and engine room, considerable addi- 
tional ventilating equipment. 

The power plant of the building has been in- 
stalled with a complete equipment for all classes 
of service, embracing 4 boilers, aggregating 1,400 
h.-p. in capacity, for steam generation; an elec- 
trical generating equipment of 650 kw. capacity, 
an extensive hydraulic elevator plant, refrigerat- 
ing machinery and pumps. The exhaust steam 
from the plant is utilized for the heating of 
the building. The boilers are of the Sederholm 
type of fire-tube boilers, built by Chalmers & 
Williams, and are installed in four 350-h.-p. 
units, arranged in separate settings on the east 
side of the boiler-room with space reserved for 


an additional future unit to be installed at the . 


Concrete Plant at Hydro-Electric 


the concentration of all the toilet rooms for the 
rented office floors, together with a barber shop 
and a ladies’ retiring room, on the eleventh floor. 
The building has a floor space on each of its three 
lower floors of over 32,000 sq. ft., and on each 
of the upper floors of about 25,000 sq. ft., owing 
to a light and ventilation court rising from the 
third floor level to the top, which makes a total 
floor area of over 470,000 sq. ft., exclusive of the 
basement and sub-basement. 

The extensive mechanical plant required for 
the operation of the building service is housed in 
the sub-basement and a portion of the basement, 
the greater part of the former and nearly half 
of the latter floor being thus utilized. The sub- 
surface floors have additional. space excavated 
underneath the sidewalk areas, the basement 190 
x 195 ft. in size, having a total floor area of over 
37,000 sq. ft., while the sub-basement, which was 
excavated only to within about 60 ft. of the 
easterly wall, owing to difficulties encountered 
with the foundations of the Marquette Building 
adjoining, has a floor area of nearly 27,000 sq. ft. 
Each of these floors has a ceiling head-room of 
only about 13 ft., on account of which the boiler 
room, 72 x 98 ft. in size, in the northwest corner 
on the Clark St. side, and the engine room, 58 x 
85 ft. in size, adjoining at the rear, were car- 
ried up from the sub-basement through the base- 
ment floor level in order to secure the needed 
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south end if required. The boiler units are brick 
set, the settings being covered with vitrified as- 
bestos, and each is equipped with a Greene chain 
grate stoker. The arrangement of units is such 
that there is a 10 to 12-ft. space at the rear of 
the settings for blow-off piping, steam mains and 
smoke breechings, a 16-ft. firing floor in front of 
the stokers and 7%4-ft. spaces between settings as 
necessitated by the arrangement of building col- 
umns. The front portion of the boiler-room is 
occupied to a width of 16 ft. by a coal storage 


bunker, 88 ft. in length, which has a capacity of - 


over 700 tons of coal. Arrangement has been 
made for delivering coal to the plant by way of 
the Chicago freight subway lines, a branch of 
which has been constructed from Clark St. un- 
derneath the boiler-room; from cars on the sub- 
way line the coal is dumped into a receiving hop- 
per from which a bucket traveling conveyor, 
built by the Link Belt Machine Co., Chicago, ele- 
vates the coal to the storage bunker. The coal 
is also mechanically handled from the bunker to 
the stoker hoppers by means of screw conveyors 
which transfer it into small circular hoppers 
above the stokers, fitted with adjustable spouts. 
The ashes are dumped from the furnaces into a 
pit below the boilers which has connection with 
a tunnel leading to the branch track from the 
subway line, through which the ashes are de- 
livered by special ash cars to cars of the tun- 


; 


‘ 
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nel line for removal. The products of combus- 
tion are removed from the boilers by a steel 
stack, 90 in. in diameter, that rises to the roof, 
a height of 350 ft. above the grates. Connec- 
tion is made from the settings to the stack 
through a rectangular iron breeching carried on 
the ceiling at the rear of the boilers and both 
the breeching and the stack are lined through- 
out, the stack with a 2-in. lining of vitrified as- 
bestos, supplied by the Chicago Fireproof Coy- 
ering Co. 

As the exhaust from the steam using machin- 
ery of the power plant is used largely for the 
heating of the building, the feed water supply 
is principally of condensation return from the 
heating system, with make-up from the city wa- 
ter mains as required. The condensation return 
lines from the heating apparatus and low pres- 
sure apparatus connect at the rear of the boiler- 
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being so valved that one pump may deliver from 
the feed-water heaters to one or more boilers, 
and the other from the surge tank to the other 
boilers, or in any other combination desired. 
One of the feed mains, known as the hot-water 
feed line, is fitted with a Worthington meter by 
means of which the feed delivery to the boilers 
is measured. The blow-off system of the plant 
consists of a 4-in. blow-off header at the rear 
of the settings with 3-in. connections to the mud 
drums of each boiler unit and a 6-in. delivery 
connection into a large blow-off tank in a pit 
at the rear of the settings; this blow-off tank is 
a cylindrical steel tank 3 ft. in diameter by 13 ft. 
long, and has a 6-in. overflow to the sewer, so 
located as to maintain in the tank sufficient wa- 
ter for partially cooling the blow-off discharge as 
teceived. The vapor from the hot discharge is 
removed by an 8-in. vapor line which is car- 
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Power Plant in Sub-Basement of the Commercial National Bank Building. 


room into an 8-in. valved header, which in turn 
makes connection to each of the two open feed- 
water heaters which are provided for preheating 
of the boiler feed before delivery to the boil- 
ers. These heaters are Webster Star vacuum 
heaters and purifiers, each having a capacity of 
filtering and heating 30,000 |b. of water per hour 
from 45° to 210° Fahr. These heaters have con- 
nections to the I2-in. exhaust main extending 
‘over them from the pumproom to the expansion 
tank at the rear of the engine-room. The boil- 
ers are fed by an equipment of two Worthing- 
ton duplex pumps of the outside center packed 
plunger type, which are brass fitted throughout 
_ for the handling of hot water, and each is de- 
signed for a capacity of 30,000 lb. of water per 
hour with a piston speed of not over 25 ft. per 
minute, so that each pump is capable of feeding 
the entire boiler equipment under normal condi- 
tions of service. They are located at the north 
end of the pumproom and have connection to suc- 
tion and delivery lines in duplicate, the mains 


tied up above the roof through a pipe shaft along- 
side of the smoke stack and terminates with an 
exhaust head. 

The piping systems of the plant consist of a ring 
or loop header for the high pressure steam and 
two large single exhaust lines for the low pres- 
sure exhaust. The high pressure ring main orig- 
inates in an 18-in. header located 9 ft. above the 
floor, at the rear of the boiler settings, with 8-in. 
long-radius pipe bend branches to each boiler 
unit, valved at both header and boiler nozzles; 
delivery connections extend up and into the en- 
gine-room as a 9-in. loop main and into the pump- 
room as a 6-in. loop main, the ends of these two 
loops meeting at the rear of the boiler-room and 
there being connected to the middle of the high- 
pressure header by a g-in. cross connection. The 
main header is of mild steel with flanged joints 
and. copper gaskets and is designed for 300 lb. 
test pressure. The loop main is sectionalized by 
globe valves at the middle and gate valves at 
either end of the 18-in. main header, and by 
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globe valves so placed in the engine and pump- 
room loops as to enable all the more important 
steam-using apparatus to be supplied from either 
of two different directions, through independent 
connections from the header. The entire high- 
pressure line is dripped by a gravity return drip 
line which parallels the mains and delivers to 
the boilers through a connection at the rear of 
the settings. Steam for the auxiliary machinery, 
including pumps, etc., is supplied from a 6-in. 
auxiliary header over the boilers that is distinct 
from the main high-pressure header, being con- 
nected to the boilers through the safety valve 
nozzles; from this header branches extend to the 
feed pumps, to the hot water heaters for house 
service, to the vacuum pumps, to the stoker en- 
gines, and to the roof for melting ice which may 
form in the down spouts during the winter, and 
a 6-in. line to the expansion tank for live steam 
make-up to the heating system when the exhaust 
steam supply is insufficient. The exhaust steam 
system consists of a 16-in. ceiling line in the en- 
gine-room and 12-in. line from the pumproom 
which connect with the steam using units and 
deliver each independently to the expansion 
tank at the rear of the engine room, which forms 
the basis of the low-pressure steam supply to the 
heating system. Thomas Acme grease extrac- 
tors in these exhaust lines near the tank remove 
oil from the exhaust steam. 

The steam-using machinery of the power plant 
consists principally of electrical generating units 
and .the elevator pumps, all of the ventilating 
fans, the air compressors, the refrigerating ma- 
chines and other auxiliary apparatus being 
driven by motors. There are four electrical gen- 
erating units installed, consisting of vertical com- 
pound engines direct connected to Western Elec- 
tric Co. multipolar generators, two of which 
units are of 125-kw. capacity, and the other two 
of 200-kw. capacity, while additional room has 
been reserved for the addition of another 200-kw. 


‘unit if future demands for power should re- 


quire. The engines are of the vertical cross- 
compound automatic cut-off type, built by the 
Bates Machine Co., and are supplied with steam 
by 5-in. and 6-in. branches respectively, with 
Cochrane separators, from the g-in. overhead 
loop in the engine room, exhausting through 8 
and 1o-in. branches into the 16-in. overhead ex- 
haust line. The elevator plant of the building 
embraces 14 passenger and one freight elevator, 
which are hydraulically operated and require two 
compound high-duty pumps, which normally take 
care of the full elevator load, a compound du- 
plex pump of capacity equal to either of the high- 
duty pumps for reserve purposes and a night 
pump of half this capacity. The high-duty pumps 
are Chalmers & Williams cross-compound duplex 
pumps with Corliss steam valve gear and have 
15 and 25x77£x24-in. cylinders. There is in addi- 
tion a jack pump installed for operation in con- 
nection with the freight elevator in lifting safes, 
and machinery, and heavy loads. 

Heating System—The building is heated 
throughout, above the first floor, by direct radia- 
tion, for which a total of 51,463 sq. ft. of direct 
radiation has been installed, exclusive of the 
tempering coils of the fresh air supply systems, 
the fresh air supply being raised to the tempera- 
ture of the interior of the building before de- 
livery. The radiators, supplied by the American 
Radiator Co., are installed in the usual locations 
under window sills, a standard arrangement hav- 
ing been adopted embracing two units to each 
wall panel of three windows, which is found to 
most easily accommodate the sub-divisions of 
floors into various office groups. The standard 
distribution is one 48 sq. ft. and one 24 to 30 
sq. ft. radiator to each panel of three windows, 
the larger radiator being installed where parti- 
tions come so as to limit one unit to two win- 
dows, and the smaller unit where only a single 
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window is served. The radiators are installed 
in general in 26-in., 2-column units, excepting in 


the first, second and third stories, where 32 and 


38-in. 2-column radiators are used, and in the 
main entrances, where 44-in. 4-column units are 
installed. Sky-light exposure is encountered to a 
considerable extent only above the main banking 
floor, where at the fourth floor level, a 58x92-ft. 
skylight fills the area at the base of the light and 
ventilation court between the two upper wings 
of the building; this glass exposure is counter- 
acted by 28 pipe coils of 114-in. pipe, each coil 
containing 50 sq. ft. of surface. Radiation in 
all parts of the building is proportioned to main- 
tain temperature to 70° Fahr. when the outside 
temperature is 10° below zero, for which an aver- 
age of 2,450 sq. ft. of radiation has been in- 
stalled on each of the floors above the first. The 
first floor contains 3,196 sq. ft. of radiation, in- 
cluding that in the entrances, while the skylight 
coils have 1,400 sq. ft. 

Steam is supplied on the one-pipe system to all 
of the radiation above the first floor by an over- 
head distribution system, which consists of 
mains in the attic and down supply risers, while 
the radiation on the first floor is supplied inde- 
pendently by a system of distributing mains on 
the basement ceiling. The low pressure heating 
supply originates as above stated, in the expan- 
sion tank into which all exhaust steam from the 
power plant is delivered. From this a 6-in. con- 
nection extends to the basement distribution sys- 
tem for supply to the first floor radiation and 
a 16-in. supply main to the attic to supply the 
overhead distribution system. The latter supply 
main is carried up a pipe shaft alongside of the 
smoke stack enclosure at the rear wall of the 
building to the attic space above the eighteenth 
story, and there connects through an expansion 
loop to a system of horizontal distribution mains, 
which divides into a number of branches of 6 
and 8-in. mains that supply different groups of 


risers along the various side walls of the build-' 


ing. The 6-in. basement supply main supplies 
radiation on the first floor only, tapering to 5 in. 
and thence to 3 in. in size as branches are taken 
off. Other steam supply connections from the 
expansion tank consist of a 5-in. line to the sky- 
light coils above the main banking floor, an 8-in. 
line to the tempering coils of the fresh air supply 
systems, and a 7-in. connection to the hot water 
heaters of the plumbing service. The exhaust 
steam supply to the expansion tank from the 
steam-using machinery is supplemented by a 6-in. 
connection from the auxiliary high pressure steam 
header in the boiler room with two Davis pres- 
sure reducing valves. One of the valves adjacent 
to the high-pressure header, reduces the pres- 
sure of the live steam supply from the boiler 
pressure of 150 lb. to 15 lb. and the other next 
to the expansion tank reduces from 15 lb. to 
atmospheric to augment the low pressure sup- 
ply automatically in case of deficiency of. the 
exhaust steam. A feature of the low-pressure 
piping connections is to be noted in the use of 
a separate I6-in. riser to the top of the build- 
ing for purposes of atmospheric relief to the ex- 
haust steam system in case of back pressure, in- 
stead of utilizing the main 16-in. supply riser to 
the overhead heat distributing mains; the back 
pressure valve is here located at the expansion 
tank, from which the atmospheric -relief riser is 
carried up above the roof through the pipe shaft 
alongside of the 16-in. steam supply riser and 
terminates with an exhaust head. 

The down-feed risers supplying radiation on 
the upper floors are 80 in number, the greater 
part of which are 2% in. in size, and supply 
from 440 to 700 sq. ft. of radiation each, the 
average amount supplied from each 2%4-in. line 
being about 500 sq. ft. There are 62 of the 
2%4-in. risers, while of the remainder two are 
q-in. lines, seven are 3-in. lines, and nine 2-in. 
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lines; these all decrease in size toward the 
lower floors as radiator supply branches are taken 
off, the greater part of them being carried down 
to the basement as 2-in. lines, with the exception 
of the 2-in. risers, which decrease to 1% in. at 
the base. The 4-in. and 3-in, risers occur prin- 
cipally in the corners of the building and exposed 
locations and carry 750 to 1,240 sq. ft. of radia- 
tion each, the average amount carried per 3-in. 
riser being about 850 sq. ft.; the 2-in. risers are 
used behind the elevators on the Clark St. side 
and in certain locations on the upper floors, and 
carry on an average about 300 sq. ft. each. Ow- 
ing to the length of the risers, approximately 270 
ft., they are all erected in four sections with an- 
chorages to the building structural work at mid- 
points of each section and expansion loops or 
joints midway between anchorages; the expan- 
sion joints or loops occur at the fourth, tenth 
and sixteenth floors in each riser, while the an- 
chor points for the sections thus formed occur 
at the second, seventh, thirteenth and attic floor 
levels. Wherever possible the loop type of ex: 
pansion joints was provided for, but in a group 
of five 2-in. risers at the rear of the shafts of 
the six elevators rising from the Clark St. en- 
trance, lack of space necessitated the packed 
sleeve type of slip expansion joints. As the ra- 
diation is operated on the one-pipe system, all 
radiator branch connections are given a uniform 
slope from the radiator to the riser against the 
flow of steam and are so located that they can- 
not be trapped by movement of the riser in ex- 
pansion; these radiator branches are of 1%4-in. 
pipe for radiators up to 50 sq. ft. 1%4-in. pipe 
for units having between 50 and 85 sq ft., while 
2-in. pipe is used to supply all units up to 120 
sq.ft. All of the low-pressure piping and risers are 
covered with H. W. Johns-Manville moulded 
asbestos sectional covering, 34 in. in thickness, 
the covering extending on all risers from cups 
provided to support it up inside of the floor 
sleeves above; all exposed risers are covered 
with air-cell covering. 

Condensation returned from the radiation is 
collected by two systems of gathering mains on 
the ceiling of the basement, one of which con- 
nects with the bases of the down-feed risers, 
and the other with the steam supply mains in 
the basement to supply the first floor radiation. 
The former is installed in three divisions, each 
consisting of a 6-in. line connecting with risers 
in different sections of the building, while the 
latter is laid out in two sections, one a 3-in. line 
extending to the front part of the building, and 
the other a 1%-in. line to the rear. Other con- 
densation return connections consist of a 4-in. 
return line from the tempering coils of the fresh 
air supply fan systems, a 3-in. return from the 
skylight coils, and a 1-in. return from the down- 
spout heads to which high pressure is supplied 
at the roof. These returns all connect into the 
8-in. condensation header in the boiler room, 
which has a 4-in. connection from either end to 
the two open feed water heaters. All of the re- 
turn lines have check valves near the header 
and between these and the header, gate valves. 
To insure positive circulation of steam in the 
heat distribution mains the Paul vacuum sys- 
tem has been installed, consisting of a system of 
air piping, connecting with the air valves on all 
radiator units and terminating in the boiler room 
where connection is made to the usual exhauster 
apparatus used with this system. The air piping 
system has been extensively sub-divided so that 
the shutting down of a portion of the apparatus 
will not interfere with the successful operation 
of the remainder, and connections are also made 
from this system to the feed water heaters and 
hot water heater to prevent air binding in them. 
The heaters are also arranged for operating in 


summer time when the heating equipment is not 
in use. 
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The mechanical plant was designed by the 
architects of the building, D. H. Burnham & 
Co., of Chicago, under the direction of Mr. 
John D. Small, chief mechanical engineer. 
Thomas & Smith, Chicago, were contractors for 
the heating system and power plant piping, and 
designed the details. 

(To be continued.) 


The Soft-Coal Producer Plant at Pasco, Wash. 


The town of Pasco is a division point on the 
Northern Pacific Ry., and is located near its cross- 
ing of the Columbia River. At present there are 
about 1,000 inhabitants, one-half of whom have 
located there during the last eighteen months. 
The Pasco Light & Water Company, composed 
chiefly of Spokane men, has installed a gas pro- 
ducer plant to furnish to the town both water 
and light and some small quantities of power. 

The water obtained from wells in this region is: 
markedly alkaline, and is undesirable for use in 
steam boilers. The Light & Water Company 
pumps its water from the Columbia River and 
delivers it to the town and to the tanks of the 
railway company. The question of track con- 
venience and franchise stipulations made it neces- 
sary to place the power house near the railway 
yards, close to the town. On the other hand the 
pumping station_is located’ as near the river as. 
high-water conditions permit. 

The power house is a frame structure boarded! 
up with rustic finish on the exterior; the engine 
and dynamo room is ceiled to protect the running 
parts as much possible from the fine sand and 
grit which is carried by the winds in the dry 
season. : 

As shown in the plan, the power house is com- 
pactly arranged. The producer is of the suction 
type, built by the Smith Gas Power Company 
especially for bituminous and lignite coal. A saw- 
dust purifier is added as an extra precaution to: 
prevent carrying over tar to the engine. This is a 
Rathbun three-cylinder vertical type gas engine 
of 100 h. p. capacity. It is belted to the gene- 
rator, a General Electric. 75 kw. three-phase 
alternator, operating at 2080 to 2300 volts and 60: 
cycles per second. The exciter has a capacity of 
3.5 k. w. and is belted to the generator. 

The switchboard consists of two standard 
panels of the General Electric design. One is the 
generator panel equipped with three alternating 


‘current ammeters, one alternating-current volt- 


meter with potential transformers, receptacles and’ 
plugs, a direct-current field ammeter and switch, 
exciter rheostat and control for the generator 
rheostat and oil switch. The other is a two- 
circuit feeder panel equipped with one ammeter 
and an oil switch for each circuit. One side of 
this panel controls the lighting circuit, which is 
three-phase three-wire primary and single-phase 
three-wire secondary, 115 volts. The other side 
controls the pump circuit, three phase 2080 volts. 

The pump house is situated on the river about 
7,400 ft. from the powerhouse. A 4o h.p. three- 
phase induction motor directly on the line at 2,080: 
volts operates the pump. The line consists of 
three No. 8 B. & S. hard-drawn bare copper wires. 
spaces 14 in. between centers. The pump is 2 
submerged triplex with a capacity of 400 gal. per 
minute. It is mounted as shown in the illustra- 
tion at the bottom of a concrete well and the 
motor operates the working head above by means. 
of a belt. 

A test was made of the plant immediately after 
its installation. The proper load was put upon 
the generator by means of a water rheostat to: 
give the engine its full rated load. For a portion 
of the time the plant was operated at part load 
only, running the pump to fill the pipes. This load 
varied from 22.1 to 29.5 h.p. as the head in the 
pipes increased. The test lasted seven hours and 
showed the consumption of 696 Ib. of coal 


; 
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for 512.9 h.-p.-hr., or 1.35 Ib. of coal per h.-p.-hr. 
The local cost of coal brings the fuel cost per 
h.-p.-hr. to about 0.3 cent. The coal used was a 
washed lignite nut coal and contained consider- 
able earth and clay. 


Book Notes. 


The British Fire-Prevention Committee, 1 
Waterloo Place, London, has issued a “red book” 
describing tests of a hydrant fitted with an 
“adaptor” for automatically putting the hydrant 
into action. The “adaptor” is described as a de- 
vice whereby any fire hydrant, cock or tap may 
be made automatic in action, enabling an opera- 
tor, by simply grasping the hose attached to the 
device and running with it to the scene of a fire, 
to have at hand a supply of water without the 
necessity of unscrewing the valve in the ordinary 
manner. The construction of this device, which 
is made by W. Featherstone & Co., Rochester, 
England, is illustrated in the report. The 
“adaptors” tested were fitted to 1-in. and 214-in. 
hydrant valves, the water supplied for the smaller 
hydrants being under a pressure of 8 to 25 Ib. 


Plan of Producer Plant at Pasco. 


per square inch, that for the larger valves vary- 
ing from 40 to 45 lb. Seventeen tests were made 
in all, which are fully described in the report. 


The excellent manual on “Stereotomy” by 
Profs. A. W. French and H. C. Ives has been 
so successful that a new edition has been pre- 
pared, in which the typographical errors of the 
first edition have been corrected and a number 
of changes made. The book is one of those 
practical manuals equally useful in the classroom 
and the engineering office. The authors state 
that they have drawn their material from pre- 
vious books, but they deserve credit for making 
such good use of it and for the well-selected ex- 
amples of actual structures that are used for 
illustrating the principles and methods explained 
in the text. The book is essentially a description 
of the procedure to be followed in designing the 
stone work of all kinds of engineering and archi- 
tectural structures, and the instructions for pre- 
paring templates and drawings are thoroughly 
practical (New York, John Wiley & Sons, 


$2.50.) 


An excellent book on the most important ma- 
chine tool and its uses is “Modern American 
Lathe Practice,” by Oscar E. Perrigo. It gives 
an outline of the evolution’of the tool, describes 
its use for various classes of work, and illustrates 
the different types of lathes used in American 
shops. A gratifying feature of the volume is the 
absence of catalogue pictures, for every illustra- 
tion was made specially for the book. There are 
five chapters on lathe design, two on lathe work, 
two on engine lathes, and others on lathe attach- 
ments, rapid change-gear mechanisms, lathe tools, 
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tests, heavy lathes, high-speed lathes, special 
lathes, regular turret lathes, special turret lathes, 
and electricall driven lathes. The book is a com- 
prehensive treatise of reliable character and will 
be found of value by all who are interested in its 
subject. (INew York, Norman W. Henley Pub- 
lishing Co., $2.50.) i 


While a large amount of information is avail- 
able concerning the engineering features of 
heavy electric traction on railways previously 
using steam locomotives, such installations are 
so recent that practically nothing has been pub- 
lished concerning the operation of these lines. 
Accordingly the 190-page book on the subject 
forming a section of the “Street Railway Jour- 
nal” of Oct. 12 is a unique volume. A careful 
study was made of the methods used on the New 
York Central & Hudson River R. R., the Long 
Island R. R., the West Jersey & Seashore R. R., 
the West Shore R. R., the New York, New Ha- 
ven & Hartford R R., the Erie R. R., and the 
Interborough Rapid Transit Co., and Mr. Philip 
Dawson contributed an article on what has been 
done in England and on the Continent. This 
information will be of great value not only to the 
officials of steam railways who are contemplating 
electric traction, but also to the managers of elec- 
tric traction companies The latter have worked 
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out their problems along certain lines, but as the 
high-speed electric road is the outgrowth of the 
city line it is not surprising that the conclusions 


-reached by their officials differ from those ob- 


tained when the same questions are taken up from 
the steam railway standpoint and when the elec- 
tric railway is operated as part of a large trunk 
line. The book is beautifully printed and pro- 
fusely illustrated, and is an unusually important 
contribution to the publications on heavy electric 
traction. (New York, Street Railway Journal.) 


Some day a great novelist will awake to the 
possibilities of irrigation as the central theme 
for a powerful story, and people will be amazed 
to learn from him what a tremendous influence 
it plays in every-day life in some sections. The 
facts are all at hand for him, in the dry sta- 
tistics of government reports, in the laboriously 
deciphered hieroglyphics of the Pharaohs show- 
ing that upof& it depended the glory of their 
dynasties, in the translations of Hammurabi’s 
cuneiform inscriptions proving that it was peren- 
nial irrigation which made ancient Chaldea a 
great nation, and in the writings of Sir William 
Willcocks and others who have not only taken 
part in the great national irrigation works of 
to-day, but have studied those of the ancient 
nations. It is a fascinating study as a factor 
in civilization, wholly apart from those technical 
features that appeal only to the engineer, and it 
is noticeable that engineers who have played 
an'important part in great irrigation undertak- 
ings, in their books on the subject generally in- 
troduce unknowingly a certain flavor of special 
interest on account of the intimate relation be- 
tween works and striking results that marks such 
enterprises. The great Chenab canal in India, 
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for example, has turned some two million acres 
of waste land in India, on which a very small 
nomadic population existed precariously, into the 
bountiful home for a million people. This spe- 
cial feature of books on irrigation is marked in 
Sir Hanbury Brown’s “Irrigation; Its Principles 
and Practice as a Branch of Engineering.” The 
author’s long service in such works in India and 
Egypt enables him to speak as one haying au- 
thority and not as the scribes. In setting forth 
the subject he has drawn on this knowledge, par- 
ticularly that gained in Egypt, for illustrations 
and examples, and the result is a book of deep 
interest, particularly at this time, when irriga- 
tion in the United States is at last beginning to 
receive due recognition. To engineers, the great 
merit of the book lies in the fact that it is on 
irrigation, and the design of high dams, and 
other works of a special character is left to 
treatises on such subjects. It opens with a chap- 
ter on what irrigation has done and is doing 
in many countries, and the subject is handled 
in a way that arouses regret that this part of the 
book was not published in some magazine of wide 
circulation, for the information of the general 
reader. The essential features of basin and per- 
ennial irrigation are pointed out in two chapters, 
and there are some notes on the “duty” of wa- 
ter, introduced at this place in order that this 
important feature of irrigation work may be un- 
derstood at the outset. The author uses the 
term to indicate the amount of irrigation water 
ought to accomplish and not what it actually does 
in any case, thus giving the word a more re- 
stricted significance than it usually has in the 
United States. The fourth chapter, on sources of 
supply whence water may be obtained, contains 
some interesting notes on India’s irrigation meth- 
ods and the extent to which it is possible to ex- 
tend irrigation in Egypt, given to illustrate the 
general principles laid down. A chapter on dams 
and reservoirs is introduced next, in which the 
author deals mainly with the purposes of such 
works and their general features. It is fol- 
lowed by one on weirs and barrages, containing 
a large amount of interesting information con- 
cerning works of this nature in India and Egypt. 
In building many of these works unusual condi- 
tions were encountered and a chapter on methods 
of construction is given for the purpose of bring- 
ing together in one place all notes on the sub- 
ject; these relate mainly to foundations, and the 
account of the methods on constructing dams 
and weirs on gravel, clay and sand foundations 
deserves special attention. The chapter on canals 
and drains is particularly interesting for the em- 
phasis laid by the author on the importance of 
providing means for draining the irrigated land 
as well as for bringing water to it. An omission 
to make any reference to methods of lining canals 
to prevent seepage seems rather surprising to an 
American reader on account of the special inter- 
est shown in the subject in the United States at 
the present time. The various masonry works 
along the line of irrigation canals are described 
in a chapter explaining the purpose of regulating 
works, fall, syphons and aqueducts, illustrations 
of notable structures being given. The methods 
of distributing water, assessing the charges for 
it, and of administration in various countries 
are explained in one of the most instructive chap- 
ters in the book, and it is interesting to learn 
from it how universal has been the experience 
that some measure of public control over water 
for irrigation is necessary. Two chapters are 
devoted to flood banks, river training and navi- 
gation, and there is a particularly good chap- 
ter on agricultural operations and reclamation 
works. The book as a whole is particularly time- 
ly for American readers and should prove of 
much value to those who desire a general knowl- 
edge of irrigation. (New York, D. Van Nostrand 
Co., $5.00.) 
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Letters to the Editor. 


Misuse or Derrick Cars. 


Sir: An accident that took place about a fort- 
night ago during the erection of a bridge on the 
Nickel Plate road over the Cuyahoga River again 
calls attention to a grave misuse of derrick cars 
often made. In this particular case a 50-ton car 
was being used to lift a pedestal weighing about 
ro tons. It was raised and then the boom of the 
derrick swung around to the side. As it swung, 
the car tipped slowly but steadily to such a de- 
gree that those nearby were alarmed and shouted 
to the men on the car to turn the boom back 
again. They continued to revolve it, however, 
and suddenly the car was overturned off the 
deck span on which it was standing, and the 
men were killed in its fall. 

It would hardly be worth while calling atten- 
tion to this accident were it not for the fact 
that bridge erectors are constantly taking chances 
of this sort. A few months ago an unusually 
powerful derrick car was built for handling very 
large girders. It was a special machine and the 
designer naturally watched its operation during 
the first few days it was in service. Although 
he had perfect confidence in the car, the manner 
in which it was employed in lifting high loads 
at right angles to the track on which it stood 
filled him with serious apprehension, and as a 
result he warned the owners of the car in writ- 
ing against attempting any such feat. Even when 
a derrick car is supported by jacks under the 
outstanding arms on either side, its base is so 
narrow that a heavy load lifted far out on 
either side is likely to overturn it. No trouble 
is experienced in lifting such loads ahead of the 
car on account of the long wheel base, and the 
freedom from trouble when the boom is in such 
a position is likely to cause an unwarranted feel- 
ing of safety in the ability of the car to stand 
up when lifting heavy loads at the side of the 
track, I think it would be well for your journal 
to call attention to this dangerous condition. 

Very truly yours, 
EREcTor. 


CONDITIONS ON THE IstHMUS OF PANAMA. 


Sir: Your little note in your issue of last week 
concerning the conditions at the Isthmus of Pan- 
ama is interesting to me, for it shows that the 
official reports contained in the “Canal Record” 
are appreciated in your office. Fortunately the 
grumblers at the Isthmus have now been largely 
returned to the United States, whence they never 
should have gone to take part in canal work. It 
is a fact that the conditions on the Isthmus are 
by no means those to which a number of the 
younger engineers and other employees were ac- 
customed. They went to the Isthmus evidently 
expecting it to be a sort of glorified picnic 
ground. They weré disappointed and in some 
cases their families were put to much incon- 
venience. These people have all very naturally 
expressed their adverse opinions of the condi- 
tions. On the other hand those of us who have 
been accustomed to work in the field in dif- 
ferent parts of the United States have almost 
without exception been satisfied with the manner 
in which the government is endeavoring to make 
us comfortable. The line of the ditch is a good 
ways from home and it takes money and men to 
build houses and carry on large camps. It also 
takes time, and inability to appreciate the im- 
portance of this last factor is the primary cause 
of most of the complaints that were formerly 
current concerning the canal work. 

Where new work is being started it goes with- 
out saying that the accommodations for some of 
the men are naturally cramped. This is so on 
every large piece of construction with which I 
was ever acquainted. I have been forced to sleep 
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under shacks many times while camps were be- 
ing constructed, and accordingly the temporary 
accommodations provided on the Isthmus on new 
work did not seem at all out of the ordinary, ex- 
cept as they were somewhat better than those 
that are usually provided in the States. Never- 
theless, some young men, whose experience on 
construction had been obtained wholly in con- 
nection with municipal work, considered them- 
selves terribly abused by being obliged to sleep 
in cramped quarters for a few weeks. I noticed 
that it did little good to endeavor to explain to 
them that the conditions were only what they 
would encounter in the United States under 
similar conditions, for out of their experience 
in the vicinity of cities where plenty of quar- 
ters was always available, they have proceeded 
to criticise everything that has been done for 
their comfort in a very silly manner. 

In the camps that have been established for 
some time, the accommodations have been far 
better than those provided by the average con- 
tractor, while the attention paid to sanitation is 
really remarkable. The medical supervision of 
all the men leaves nothing to be desired, and any 
engineer who wishes to become familiar with 
construction under tropical conditions and is not 
afraid to live away from the bright glare of the 
electric lights along Broadway cannot do better 
than to join our force. We have plenty of op- 
portunities for recreation, and various amuse- 
ments are being arranged as opportunity arises. 
In fact, from all 1 can learn, the only organiza- 
tion which at all compares with our own in the 
general attempt to get together in the most so- 
ciable way is that of the Board of Water Sup- 
ply of the City of New York. Our organization 
is a good deal larger than that, and naturally 
there are more grumblers in it. I doubt if you 
ever saw an organization of 250 people in which 
there was not more or less jealousy, and a few 
of the class which is never happy without grumb- 
ling. Our staff is so big that we have a good 
many of these people; we are accustomed to them 
and pay no attention to them, for we know that 
they are not happy without grumbling, and many 
of them are otherwise good fellows and work 
hard. But the kicks they make are apparently 
misunderstood among the people at home, and 
it is for this reason I am sending you these few 
comments. 

Very truly yours, 
On LEAvE. 


IMPERMEABLE CONCRETE. 

Sir: Your editorial discussion on impermeable 
concrete in the issue of Oct. I9 is interesting to 
the writer on account of the strong intimation 
it gives regarding the usefulness of a certain 
amount of clay in concrete mixtures. This is a 
subject that has been debated so much of late 
that until really accurate experimental work is 
carried on, such as that which Mr. Gaines is 
evédently conducting, the view that any engineer 
will take of it is likely to be based on his per- 
sonal predilections and limited observations, 
rather than on any careful sifting of all evidence. 
It will doubtless be recalled by many who had 
an opportunity to hear the discussion of the sub- 
ject at the Asheville convention of the American 
Society of Civil Engineers that the use of alum 
and other substances has been adopted success- 
fully to render concrete watertight, while some 
engineers have long claimed that a moderate 
amount of clay was of value for the same pur- 
pose. There is, of course, a great difference in 
the qualities of clays and consequently statements 
regarding this material have to be accepted with 
a mental reservation in each case that the term 
covers such a wide variety of substances that the 
information is of only very general value. 

I do not recall that any experiments prior to 
those of Mr. Gaines have been made to ascertain 
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the effect of a combination of alum or some other 
similar substance and clay with the regular con- | 
crete materials. In fact it may be questioned 
whether the experiments on which Mr. Gaines 
has based his statements in the “Transactions” of 
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been carried far enough, and my own belief is 
that it is very desirable in investigations of this 
nature to defer the drawing of any precise deduc- 
tions from such results until the experiments have 
included many series of tests which vary between 
themselves by a modification of only one or two 
factors, so that the effect of changes in those 
factors can be fully determined. It seems to be 
true, however, that the use of alum and clay 
under certain conditions may yield a very water- 
tight concrete, and there are other substances for 
which similar claims can be made. Hence I 
would suggest that it might be advisable for you 
to discuss the extent to which impermeable con- 
crete of this character can be safely applied. We can 
all agree with your statements that waterproof 
concrete is highly desirable material for engineer- 
ing purposes, but it seems to me that in any dis- 
cussion of this nature it is very desirable to bear 
in mind that waterproof concrete is, after all, 
concrete, and must be regarded like any other 
artificial ‘stone. : 

The investigations that are being made by Mr. 
Gaines are evidently conducted with a view to 
ascertaining, among~othersthings, the availability 
of various substances to render concrete in long 
aqueducts impermeable. Aqueducts are generally 
sufficiently covered by earth or otherwise protect- 
ed against the weather to be free from any ma- 
terial changes in temperature. The problem pre- 
sented by concrete under such conditions is very 
different from that presented by a long retain- 
ing wall holding back a bank of earth or loose 
rock likely to be fully saturated with water dur- 
ing a considerable portion of the year. In the 
former case there is no tendency to crack, while 
in the latter there is every tendency for cracking 
to occur. In the former case water is likely to 
cause trouble only by percolating through inter- 
stices of the concrete. In the latter case the tem- 
perature changes are likely to cause fissures into 
which considerable quantities of water may en- — 
ter and there freeze, causing a bad shattering of 
the concrete in numerous places. Consequently 
it is manifest that the problem of water-proofing 
in the two situations is wholly different. I men- 
tion this difference because it seems to me that 
there may be a tendency to require impermeable 
concrete for situations where other water-proof- 
ing is a far better protection. It has long seemed 
to me that where long concrete walls or floors 
are exposed to the direct outside air and are rest- 
ing against earth containing water, the only 
safe water-proofing method lies in the use of 
some of the so-called “membrane” processes. 
These have sufficient flexibility to protect the con- 
crete from water even when the concrete be- 
comes cracked. 

Between these two extreme cases lie many in 
which the judgment of the engineer must natur- 
ally decide what kind of process must be adopted 
in order to secure an impervious wall or floor. 
Unquestionably there are situations where the 
temperature conditions may render a perfectly 
stiff and stony material like concrete so free 
from the likelihood of cracking that water-proof- 
ing by rendering it impermeable is safe to use. It 
is for this reason that the methods are so impor- | 
tant and that all investigations of them should be 
encouraged. Nevertheless, it is far more impor- 
tant for most classes of engineering work to ob- 
tain a thorough knowledge of methods of water- 
proofing concrete which will keep the walls im- 
permeable after the concrete has cracked, for 
most concrete work with which the engineer has 
to do is subject to such cracking. 


Very truly yours, CE 


